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(54) 3,4-DISUBSTITUTED PHENYLETHANOLAMINOTETRALINCARBOXAMIDE DERIVATIVES 

(57) 3.4-Disubstituted phenylethanolaminotetralincarboxamide derivatives represented by general formula (1) and 
their pharmacologically acceptable salts having a selective p 2 -adrenergic receptor stimulating effect with a relieved bur- 
den on the heart such as a frequent pulse. In said formula, A represents lower alkylene; B represents amino, di(lower 
alkyl)amino or 3- to 7-membered alicyclic amino optionally containing oxygen in the ring; n is an integer of 1 or 2; the 
carbon atom marked with means a carbon atom or the R- or S- configuration or a mixture thereof; and the carbon 
atom marked with "(S)" means a carbon atom of the S-configuration. These compounds are useful as a preventive for 
threatened abortion/premature birth, a bronchodilator and a pain-relieving and lithagogue agent in ureteroiithiasis. 
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Description 
Technical Field 

The present invention relates to novel 3.4-disubstituted phenylethanolaminotetralincarboxamide derivatives which 
are useful as medicaments. 

More particularly, the present invention relates to 3,4-disubstituted phenyiethanolaminotetralincarboxamide deriv- 
atives represented by the general formula: 



15 




wherein A represents a lower alkylene group; B represents an amino group, a di (lower alkyl)amino group or a 3 to 7- 
20 membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; the carbon 
atom marked with * represents a carbon atom in R configuration, S configuration or a mixture thereof; and the carbon 
atom marked with (S) represents a carbon atom in S configuration; and pharmaceutical ly acceptable salts thereof, 
which have a selective (V adrener 9 ic receptor stimulating effect with relieved burdens on the heart such as tachycardia. 

25 Background Art 

As substituted phenylethanolaminotetralin derivatives, compounds having gut selective sympathomimetic and anti- 
pollakiuria activities have been disclosed, e.g., a compound represented by the general formula: 



30 CI 




wherein R a represents a hydrogen atom or an ethyl group a hydrochloride or oxalate thereof, or single optical isomers 
thereof; and a compound represented by the formula: 

40 



CI 



45 




OCH2CONHCH2CH2OCH3 

• (COOH) 2 



wherein the carbon atom marked with (R) represents a carbon atom in R configuration; and the carbon atom marked 
50 with (S) represents a carbon atom in S configuration (cf. published Japanese patent application (kohyo) No. Hei 6- 
506676 and published Japanese patent application (kohyo) No. Hei 6-506955). 

However, these compounds are p 3 -adrenergic receptor stimulating agents having a remarkable p 3 -adrenergic 
receptor stimulating effect. 

55 Disclosure of Invention 

The present invention relates to 3,4-disubstituted phenylethanolaminotetralincarboxamide derivatives represented 
by the general formula: 



2 
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W 

wherein A represents a lower alkylene group; B represents an amino group, a di(lower alkyl) amino group or a 3 to 7- 
membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; the carbon 
atom marked with * represents a carbon atom in R configuration, S configuration or a mixture thereof; and the carbon 
atom marked with (S) represents a carbon atom in S configuration; and pharmaceutical^ acceptable salts thereof. 

15 The present invention relates to a pharmaceutical composition comprising the above 3,4-disubstituted phenyleth- 

anolaminotetralincarboxamide derivative or a pharmaceutical^ acceptable salt thereof. 

The present invention relates to an agent for the prevention of threatened abortion and premature labor, a bron- 
chodilator and an agent for pain remission and stone removal in urolithiasis which comprises as an active ingredient the 
above 3,4-disubstituted phenylethanolaminotetralincarboxamide derivative or a pharmaceutical^ acceptable salt 

20 thereof. 

The present invention relates to a method for the prevention of threatened abortion and premature labor, the pre- 
vention and treatment of diseases associated with bronchiostenosis and airway obstruction, and pain remission and 
stone removal in urolithiasis which comprises administering the above 3,4-disubstituted phenylethanolaminotetralincar- 
boxamide derivative or a pharmaceutically acceptable salt thereof. 

25 The present invention relates to a use of the above 3,4-disubstituted phenylethanolaminotetralincarboxamide deriv- 

ative or a pharmaceutically acceptable salt thereof for the manufacture of a pharmaceutical composition for the preven- 
tion of threatened abortion and premature labor, the prevention and treatment of diseases associated with 
bronchiostenosis and airway obstruction, and pain remission and stone removal in urolithiasis. 

Furthermore, the present invention relates to a use of the above 3,4-disubstituted phenylethanolaminotetralincar- 

30 boxamide derivative or a pharmaceutically acceptable salt thereof as an agent for the prevention of threatened abortion 
and premature tabor, a bronchodilator and an agent for pain remission and stone removal in urolithiasis. 

Best Mode for Carrying Out the Invention 

35 In order to find an excellent {^-adrenergic receptor stimulating agent, the inventors of the present invention made 

extensive studies and found that certain 3,4-disubstituted phenylethanolaminotetralincarboxamide derivatives repre- 
sented by the above general formula (I) have a potent and selective p 2 - adrener Qic receptor stimulating effect and are 
remarkably useful as p 2 -adrenergic receptor stimulating agents, thereby forming the basis of the present invention. 
Accordingly, the present invention relates to 3,4-disubstituted phenylethanolaminotetralincarboxamide derivatives 

40 represented by the general formula: 



45 




50 

wherein A represents a lower alkylene group; B represents an amino group, a di(lower alkyl) amino group or a 3 
to 7-membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; the carbon 
atom marked with * represents a carbon atom in R configuration, S configuration or a mixture thereof; and the carbon 
atom marked with (S) represents a carbon atom in S configuration; and pharmaceutically acceptable salts thereof, 
55 which have a p 2 -adrenergic receptor stimulating effect with higher selectivity in comparison with a (3 1 -adrenergic recep- 
tor stimulating effect and with relieved burdens on the heart such as tachycardia. 

In the compounds represented by the above general formula (I) of the present invention, the term "di(lower 
alkyl)amino group" means an amino group di-substituted with straight or branched alkyl groups having 1 to 6 carbon 
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atoms (e.g., methyl, ethyl, propyl, isopropyl), such as a dimethylamino group, a diethylamino group, an ethylmethyl- 
amino group and the like. Also, the term "lower alkylene group" means a straight alkylene group having 1 to 3 carbon 
atoms such as a methylene group, an ethylene group and a trimethylene group, and the term "3 to 7-membered alicyclic 
amino group which may contain an oxygen atom in the ring" means a 1 -pyrrolidinyl group, a piperidino group, a mor- 
pholino group or the like. 

The compounds represented by the above general formula (I) of the present invention can be prepared by the fol- 
lowing procedures. 

For example, the compounds of the above general formula (I) can be prepared by subjecting an amine compound 
represented by the general formula: 



10 



15 



20 



25 



30 



40 



XXX ««) 

-^-^^O -A-COOR 



H 2 N'(S) 

wherein R is a lower alkyl group; and A and the carbon atom marked with (S) are as defined in the foregoing, to 
N-alkylation using an alkylating agent represented by the general formula: 



R0C ScH2) n 




(IID 



wherein R° is a hydroxy-protective group; X is a halogen atom; and n is as defined in the foregoing, reducing the 
resulting compound in the usual way. removing the hydroxy-protective group as occasion demands to give a compound 
represented by the general formula: 



r 1 Ol 

^(CH2) n 




XXX ™ 



wherein R 1 is a hydrogen atom or a hydroxy-protective group; and A, R, n and the carbon atom marked with (S) 
are as defined in the foregoing, subjecting the resulting compound to amidation in the usual way using an amine com- 
pound represented by the general formula: 

45 

B-H (V) 

wherein B is as defined in the foregoing, and removing the hydroxy-protective group as occasion demands. 
The compounds represented by the above general formula (I) of the present invention can be prepared by subject- 
so ing an amine compound represented by the general formula: 



55 



wherein A, B and the carbon atom marked with (S) are as defined in the foregoing, to N-alkylation using an 
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alkylating agent represented by the above general formula (III), reducing the resulting compound in the usual way, and 
removing the hydroxy-protective group. 

The compounds represented by the above general formula (I) of the present invention can be also prepared by 
allowing a mandelic acid derivative represented by the general formula: 



10 




(vn) 



COOH 



15 



wherein R° and n are as defined in the foregoing, to react with an amine compound represented by the formula: 



20 



OH 



(vm) 



wherein the carbon atom marked with (S) is as defined in the foregoing, in the presence of a condensing agent 
to give a compound represented by the general formula: 



25 



30 



35 



40 



45 



50 



55 



R°OL 

^(CH2) n 

OH H 



(DC) 



wherein R°, n and the carbon atom marked with (S) are as defined in the foregoing, reducing the resulting com- 
pound using a reagent such as borane-dimethylsulfide complex to prepare a compound represented by the general for- 
mula: 



R 0 O>. 

(CH2)„ 

OH H 



(X) 



wherein R°, n and the carbon atom marked with (S) are as defined in the foregoing, protecting the alcoholic 
hydroxy group and amino group with a reagent such as trifluoroacetic anhydride as occasion demands, subjecting the 
resulting compound to O-alkylation using an alkylating agent represented by the general formula: 



X-A-COB 



(XI) 



wherein A, B and X are as defined in the foregoing, and removing the protective group. 
The amine compounds represented by the above general formula (II) which are used as starting materials in the 
aforementioned production process can be prepared by a process described in a literature or analogous processes 
thereto (for example. Eur. J. Med. Chem., No. 29, pp. 259-267 (1994); and published Japanese patent application 
(Kokai) No. Hei 3-14548). 

Among the alkylating agents represented by the above general formula (III) which are used as starting materials in 
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the aforementioned production processes, compounds wherein n is 1 can be prepared, for example, by allowing a 
ketone compound represented by the formula: 



CH 3 

(XII) 



15 



to react with formalin in the presence of hydrochloric acid to prepare a compound represented by the formula: 

(xm) 



20 



subjecting the resulting compound to acetylation and acetoxylation using acetic anhydride and sodium acetate to give 
a compound represented by the formula: 



25 



30 




CH3 



(XIV) 



wherein Ac represents an acetyl group, subjecting the resulting compound to halogenation in the usual way 
using a halogenating agent, subjecting the resulting halogeno compound (the corresponding bromo compound is 
described in J. Med. Chem., No. 13, pp. 674-680 (1970)) represented by the general formula: 



40 



AcCL 



(XV) 



45 



50 



wherein Ac and X are as defined in the foregoing, to deacetylation in the usual way as occasion demands, and 
introducing a protective group to a hydroxy group using a reagent such as acetone dimethyl acetal. 

Among the alkylating agents represented by the above general formula (III) which are used as starting materials in 
the aforementioned production processes, compounds wherein n is 2 can be prepared by protecting the hydroxy group 
of a phenylacetate derivative represented by the general formula: 



55 
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OH 



ijr cooR (xvD 



*CH 3 



w 



wherein R is as defined in the foregoing, in the usual way using a reagent such as benzyl bromide, further pro- 
tecting the carbonyl group using ethylene glycol and then reducing the derivative in the usual way using a reducing 
agent such as lithium aluminum hydride to convert it into an alcohol compound represented by the general formula: 



15 



20 




(xvn) 



25 wherein R° is as defined in the foregoing, protecting the hydroxy group of the resulting compound using a rea- 

gent such as benzyl bromide, removing the carbonyl -protective group to prepare a compound represented by the gen- 
eral formula: 



30 



35 




CH 3 



OR 0 



(xvm) 



wherein R° is as defined in the foregoing, and then subjecting the resulting compound to halogenation in the 
usual way using a halogenating agent. 
40 The amine compounds represented by the above general formula (VI) which are used as starting materials in the 

aforementioned production process can be prepared by subjecting a phenol compound represented by the general for- 
mula: 



R^HNiPCX (XIX) 



so wherein R 2 is an ami no-protective group; and the carbon atom marked with (S) is as defined in the foregoing, to 

O-alkylation using an alkylating agent represented by the above general formula (XI) and then removing the amino-pro- 
tective group, or by protecting the amino group of an amine compound represented by the above general formula (II) 
using an appropriate reagent, converting the resulting compound into a free carboxylic acid or reactive functional deriv- 
ative thereof as occasion demands, subjecting the resulting compound to amidation using an amine compound repre- 
ss sented by the above general formula (V) in the presence or absence of a condensing agent, and removing the amino- 
protective group. 

Among the compounds represented by the above general formula (I) of the present invention, single isomers can 
be prepared, for example, by subjecting a diastereomer mixture obtained by the aforementioned processes to fractional 
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recrystallization in the usual way, or by allowing an optically active mandelic acid derivative represented by the general 
formula: 



(CH2) n 

II (XX) 

,l COOH 



10 




wherein the carbon atom marked with (R) is a carbon atom in R configuration; and R° and n are as defined in 
the foregoing, or another optically active mandelic acid derivative represented by the general formula: 



15 



R°Ok 



(CH2) n 



20 




(XXI) 



25 wherein R°, n and the carbon atom marked with (S) are as defined in the foregoing, to react with an amine com- 

pound represented by the above formula (VIII) in the presence of a condensing agent to give a single isomer repre- 
sented by the general formula: 

R°0^ 



35 



40 



45 



^(CHz)n 

"Vitrei (xxn) 

OH 



wherein R°, n, the carbon atom marked with (R) and the carbon atom marked with (S) are as defined in the fore- 
going, or another single isomer represented by the general formula: 



R0C NcH2) n 
OH 



(XXffl) 



so wherein R°, n and the carbon atoms marks with (S) are as defined in the foregoing, reducing the resulting single isomer 
using a reagent such as borane-dimethylsulfide complex to prepare a compound represented by the general formula: 



55 
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w 



15 



40 



R°0^ 

(CH2) n 

R r 



(XXIV) 



OH 

OH 

wherein R°, n, the cait)on atom marked with (R) and the carbon atom marked with (S) are as defined in the fore- 
going, or another compound represented by the general formula: 




XXX 



(XXV) 



(sTt tj<sr" ^ oh 

20 OH 

wherein R°, n and the carbon atoms marked with (S) are as defined in the foregoing, protecting the alcoholic 
hydroxy group and amino group using a reagent such as trifluoroacetic anhydride as occasion demands, subjecting the 

25 resulting compound to O-alkylation using an alkylating agent represented by the above general formula (XI), and 
removing the protective group. 

Among the compounds represented by the above general formula (I) of the present invention, single isomers can 
also be prepared by subjecting a diastereomer mixture obtained as an intermediate in the aforementioned processes 
to column chromatography or fractional recrystallization to isolate the corresponding single isomer and then carrying 

30 out the same reaction using said single isomer. 

The phenylacetate derivatives represented by the above general formula (XVI) which are used as starting materials 
in the aforementioned production process can be prepared by a process described in the literature or analogous proc- 
esses thereto (for example, a published Japanese patent application (kohyo) No. Sho 61-50091 5, and a published Jap- 
anese patent application (kokai) No. Sho 57-135049). 

35 The optically active mandelic acid derivatives and mixtures thereof represented by the above general formulae 

(VII), (XX) and (XXI) which are used as starting materials in the aforementioned production process can be derived 
from the commercially available corresponding dihydroxy compounds or can be prepared by allowing a bromine com- 
pound represented by the general formula: 



45 



(XXVI) 



wherein R° and n are as defined in the foregoing, which can be obtained in accordance with a process described 
in the literature or analogous processes thereto, to react with diethyl oxalate, reducing the resulting phenylglyoxylic acid 
50 derivative using a reagent such as sodium borohydride, and hydrolyzing the ester compound to give a mandelic acid 
derivative represented by the above general formula (VII), and subjecting the derivative to optical resolution in the usual 
way using a resolving reagent such as optically active 1 -(l-naphthyl)ethylamine as occasion demands. 

The optically active mandelic acid derivatives and mixtures thereof represented by the above general formulae 
(VII), (XX) and (XXI) can be also prepared by subjecting a benzaldehyde derivative represented by the general formula: 
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10 



wherein R° and n are as defined in the foregoing, to cyanation, hydrolyzing the resulting cyano compound in the 
usual way, and subjecting the resulting compound to optical resolution in a similar manner to that described above. 

The compounds of the present invention obtained by the aforementioned production processes can be easily iso- 
lated and purified by conventional separation means such as fractional recrystallization, purification using column chro- 
matography, solvent extraction and the like. 
15 The 3,4-disubstituted phenylethanolaminotetralincarboxamide derivative represented by the above general formula 
(I) of the present invention can be converted into its pharmaceutical^ acceptable salts in the usual way. Examples of 
such salts include acid addition salts with mineral acids (e.g.. hydrochloric acid, hydrobromic acid, hydroiodic acid, sul- 
furic acid, nitric acid, phosphoric acid and the like), acid addition salts with organic acids (e.g.. formic acid, acetic acid, 
methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, propionic acid, citric acid, succinic acid, tartaric 
20 acid, fumaric acid, butyric acid, oxalic acid, malonic acid, maleic acid, lactic acid, malic acid, carbonic acid, glutamic 
acid, aspartic acid and the like) and salts with inorganic bases such as a sodium salt and a potassium salt. The resulting 
salts have the same pharmacological activities as those of the free forms. 

In addition, the compounds represented by the above general formula (I) of the present invention also include 
hydrates thereof and solvates thereof with pharmaceutical^ acceptable solvents (e.g.. ethanol). 
25 The compounds represented by the above general formula ( I) of the present invention exist in two isomer forms of 
R configuration and S configuration based on the asymmetric carbon atom having a hydroxy group. Either of the iso- 
mers or a mixture thereof can be used in the present invention, and the R configuration isomer is desirable. 

When the in vitro test for measuring (^-adrenergic receptor stimulating activity was carried out in the usual way 
using isolated rat pregnant uterus, the compounds represented by the above general formula (I) of the present invention 
so showed activity to relax 50 % of the spontaneous contractions of rat myometrium (i.e., EC 50 ) at an approximate mol 
concentration of 5.0 x 10" 10 to 5.0 x 10" 7 . For example, 2-[(2S)-2-[[(2RS)-2-hydroxy-2-[4-hydroxy-3-hydroxymethylphe- 
nyl)-ethyl]amino]-1,2,3.4-tetrahydronaphthalen-7-yloxy]-/V.A/-dimethylacetamide showed the EC 50 value at a mol con- 
centration of 5.3 x 10' 9 , and 2-[(2S)-2-[[(2R)-2-hydroxy-2(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1 . 2,3.4- 
tetrahydronaphthalen-7-yIoxy]-/V. A/-dimethylacetamide at a mol concentration of 2.6 x 10' 9 . Thus, the compounds of the 
35 present invention have a markedly potent fe-adrenergic receptor stimulating effect and therefore are remarkably useful 
as (^-adrenergic receptor stimulating agents. 

When the in vitro test for measuring fa -adrenergic receptor stimulating activity was carried out in the usual way 
using isolated rat atrium, the compounds represented by the above general formula (I) of the present invention showed 
activity to increase 20 beats per minute of rat heart rate (EC 20 value) at an approximate mol concentration of 5.0 x 10" 
40 7 or more. For example, 2-[(2S)-2-[[(2RS)-2-hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl)amino]-1 ,2,3,4-tetrahy- 
dronaphthalen-7-yloxy]-A/./V-dimethylacetamide showed the EC 20 value at a mol concentration of 2.5 x 10' . and 2- 
[(2S)-2-[[(2fl)-2-hydroxy-2-(4-hydroxy-3-hydroxym 

/V./V-dimethylacetamide at a mol concentration of 9.4 x 10" 7 . Thus, the compounds of the present invention have mark- 
edly weak fa -adrenergic receptor stimulating effect in comparison with the aforementioned (^-adrenergic receptor stim- 
45 ulating effect. 

In consequence, the compounds of the present invention have markedly potent (^-adrenergic receptor stimulating 
effect with markedly high selectivity in comparison with fa -adrenergic receptor stimulating effect, so that these are 
extremely useful and selective p 2 -adrenergic receptor stimulating agents for which burdens on the heart are reduced 
due to suppression of side effects upon the heart (e.g.. tachycardia) caused by p r adrenergic receptor stimulating 
so effect. 

The present invention is a selective p 2 -adrenergic receptor stimulating agent which is extremely useful as, tor 
example, an agent for the prevention of threatened abortion, premature labor, a bronchodilator (an agent for the pre- 
vention and treatment of diseases associated with bronchiostenosis and airway obstruction) and an agent for pain 
remission or stone removal in urolithiasis. 
55 Also, the compounds represented by the above general formula (I) of the present invention are extremely stable 
compounds and therefore have excellent storage stability. 

When the 3,4-disubstituted phenylethanolaminotetralincarboxamide derivatives represented by the above general 
formula (I) of the present invention and pharmaceutical^ acceptable salts thereof are used in practical treatment, they 
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are administered orally or parenterally in the form of appropriate pharmaceutical compositions such as tablets, pow- 
ders, fine granules, granules, capsules, injections and the like. These pharmaceutical compositions can be formulated 
in accordance with conventional methods using conventional pharmaceutical carriers, excipients and other additives. 
The dose is appropriately decided depending on the sex. age, body weight, degree of symptoms and the like of 
5 each patient to be treated, which is approximately within the range of from 1 to 1.000 mg per day per adult human in 
the case of oral administration and approximately within the range of from 0.01 to 100 mg per day per adult human in 
the case of parenteral administration, and the daily dose can be divided into one to several doses per day. 

Example 

w 

The features of the present invention are described further in detail with reference to the following Reference Exam- 
ples. Examples and Test Examples, but the present invention is not limited thereto. All melting points of the compounds 
described in Reference Examples and Examples were uncorrected. 

15 Reference Example 1 

(S)-4-(2-Amino-1.2.3,4-tetrahydronaphthalen-7-yloxy)-/V.A/-dimethylbutyramide 

(S)-2-(tert-Butoxycarbonylamino)-7-hydroxytetralin (400 mg) was dissolved in 8 ml of A/.A/-dimethylformamide. 

20 3. 16 g of cesium carbonate and 650 \\\ of ethyl 4-bi omobutyrate were added to the solution, and the mixture was stirred 
at room temperature for 1 .5 hours. After addition of water, the reaction mixture was extracted with ethyl acetate, and the 
extract was washed with water and then dried over anhydrous magnesium sulfate. The solvent was evaporated under 
reduced pressure and the residue was purified by silica gel medium pressure liquid column chromatography (eluent: 
hexane/ethyl acetate = 1/1) to give 488 mg of ethyl (S)-4-[2-(/er/-butoxy-carbonylamino)- 1,2,3. 4-tetrahydronaphthalen- 

25 7-yloxy]butyrate having a melting point of 96 to 98 °C. 

IR (KBr): 3360. 1723, 1680 cm 1 
1 H-NMR (CDCI 3 ) 

0 ppm: 1.26 (3H, t, J=7.1Hz), 1,45 (9H. s), 1.65-1.80 (1H, m), 2.00-2.15 (3H, m), 2.50 (2H, t, J=7.3Hz), 2.59 (1H, 
30 dd, J=16.5, 7.9Hz), 2.75-2.85 (2H. m), 3.07 (1 H. dd, J=16.5, 4.6Hz), 3.90-4.05 (3H. m), 4.14 (2H, q. J=7.1 Hz). 4.50- 

4.65 (1H. m). 6.58 (1H, d, J=2.6Hz), 6.68 (1H, dd, J=8.4, 2.6Hz). 6.99 (1H, d. J=8.4Hz) 
Specific rotation: [a] D 25 = -50.7° (c=1.03, MeOH) 

Ethyl (S)-4-[2-(tert-butoxycarbonylamino)-1,2,3,4-tetrahydronaphthalen-7-yloxy]butyrate (988 mg) was dissolved in 
35 a mixture of 1 5 ml of ethanol and 1 5 ml of methanol, 3.0 ml of 2 N aqueous sodium hydroxide solution was added to the 
solution, and the mixture was stirred at room temperature for 2 hours. The reaction solution was concentrated under 
reduced pressure, 10 % aqueous citric acid solution was added to the residue, and the mixture was extracted with ethyl 
acetate. The extract was washed with brine and dried over anhydrous magnesium sulfate. By evaporating the solvent 
under reduced pressure, 914 mg of (S)-4-[2-(tert-butoxycarbonylamino)-1 ,2,3.4-tetrahydronaphthalen-7-yloxy]butyric 
40 acid having a melting point of 150 to 153 °C was obtained. 

IR (KBr): 3452. 3365. 1691 cm 1 
^-NMR (CDCI3) 

iS ppm: 1 .45 (9H. s), 1 .65-1 .80 (1 H. m), 2.00-2.20 (3H. m), 2.55-2.70 (3H. m), 2.75-2.85 (2H. m), 3.00-3. 1 5(1 H, m). 
45 3.90-4.10 (3H. m), 4.55-4.70 (1H, m), 6.58 (1H, d. J=2.6Hz), 6.68 (1H. dd. J=8.4, 2.6Hz). 6.99 (1H, d, J=8.4Hz) 

Specific rotation: [a] D 25 = -53.5° (c=0.52, MeOH) 

(S)-4-[2-(/er/-Butoxycarbonylamino)-1.2.3,4-tetrahydronaphthalen-7-yloxy]butyric acid (399 mg) was dissolved in 5 
ml of tetrahydrofuran, 204 mg of N. A/'-carbonyldiimidazole was added with stirring under ice-cooling, followed by 2 

50 hours of reaction. Then, a solution of 1.40 g of dimethylamine in 2 ml of tetrahydrofuran was added with stirring under 
ice-cooling, and the mixture was subjected to 45 minutes of reaction and then to 45 minutes of reaction at room tem- 
perature. The reaction solution was concentrated under reduced pressure, water was added to the residue, and the 
mixture was extracted with diethyl ether. The extract was washed with 10 % aqueous citric acid solution, water, satu- 
rated aqueous sodium bicarbonate solution and water in that order and then dried over anhydrous magnesium sulfate. 

55 By evaporating the solvent under reduced pressure. 396 mg of (S)-4-[2-(te^butoxycarbonylamino)-1 ,2,3,4-tetrahydro- 
naphthalen-7-yloxy)-A/.A/-dimethylbutyramide having a melting point of 97 to 101 °C was obtained. 

IR (KBr): 3325. 1709. 1624 cm 1 
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1 H-NMR (CDCI 3 ) 

i> ppm: 1 .45 (9H, s), 1 .65-1 .80 (1 H, m). 2.00-2.15 (3H, m), 2.51 (2H, t. J=7.2Hz), 2.59 (1 H, dd. J=1 6.5, 8.1 Hz), 2.75- 
2.85 (2H, m), 2.95 (3H, s), 3.00-3.10 (4H, m), 3.90-4.00 (3H, m), 4.58 (1H, br s), 6.59 (1H, d, J=2.6Hz), 6.69 (1H, 
dd, J=8.4, 2.6Hz), 6.98 (1 H, d. J=8.4Hz) 
Specific rotation: [«] D 25 = -50.0° (c=0.50, MeOH) 

(S)-4-[2-(/e//-Butoxycarbonylamino)-1 ,2.3,4-tetrahydronaphthalen-7-yloxy]-A/. /V-dimethylbutyramide (396 mg) was 
dissolved in 5 ml of methylene chloride, a solution of 5 ml of trif luoroacetic acid in 5 ml of methylene chloride was added 
to the solution with stirring under ice-cooling, and the mixture was stirred for 15 minutes and then subjected to 15 min- 
utes of reaction at room temperature. The reaction solution was concentrated under reduced pressure, methylene chlo- 
ride, water and sodium bicarbonate were added to the residue, and the mixture was stirred at room temperature for 30 
minutes. The organic layer was separated and dried over anhydrous magnesium sulfate. By evaporating the solvent 
under reduced pressure, 263 mg of (S)-4-(2-amino-1 ,2,3,4-tetrahydronaphthalen-7-yloxy)-A/.A/-dimethylbutyramide 
was obtained in an oily form. 

IR(neat) : 3404, 1618 cm" 1 
1 H-NMR (CDCI3) 

S ppm: 1 .75-1 .90 (1 H. m), 2.00-2.25 (3H, m), 2.45-2.55 (2H, m), 2.65-2.90 (3H, m), 2.94 (3H, s). 3.00 (3H, s), 3.05- 
3.20 (1H, m). 3.30-3.50 (1H, m), 3.96 (2H, t, J=5.9Hz), 5.89 (2H, br s), 6.60 (1H, d, J=2.3Hz), 6.68 (1H, dd, J=8.4, 
2.3Hz). 6.96 (1H,d. J=8.4Hz) 
Specific rotation: [u] D 25 = -46.2° (c=0.45, MeOH) 

Reference Example 2 

(S)-2-(2-Amino-1,2,3,4-tetrahydronaphthalen-7-yloxy)-A/.A/-dimethylacetamide acetate 

(S)-2-(Benzyloxycarbonylamino)-7-hydroxytetralin (13.4 g) was dissolved in 120 ml of A/./V-dimethylfoi mamide, 
8.27 g of 2-bromo-/V.A/-dimethylacetamide and 22.0 g of cesium carbonate were added to the solution, and the mixture 
was stirred at room temperature for 6 hours. The reaction solution was poured into ice-water, the mixture was extracted 
with ethyl acetate, and the extract was washed with water and then dried over anhydrous magnesium sulfate. The sol- 
vent was evaporated under reduced pressure and the resulting residue was crystallized by adding diethyl ether to give 
14.0 g of (S)-2-[2-(benzyloxycarbonylamino)-1,2,3,4-tetrahydronaphthalen-7-yloxy]-A/.A/-dimethylacetamide having a 

melting point of 117 to 118 "C. 

IR (KBr): 3465, 3284, 1704, 1667 cm 1 
1 H-NMR (CDCI3) 

S ppm: 1.70-1 .85 (1 H, m), 2.00-2.10 (1H, m), 2.63 (1H, dd, J=16.5, 7.4Hz), 2.15-2.85 (2H, m) , 2.97 (3H, s), 3.05- 
3.15 (4H, m), 4.00-4.10 (1H, m), 4.64 (2H, s), 4.75-4.85 (1H, m), 5.10 (2H, s), 6.63 (1H, d, J=2.7Hz), 6.75 (1H, dd, 
J=8.4, 2.7Hz), 6.99 (1H, d, J=8.4Hz), 7.25-7.40 (5H, m) 
Specific rotation: [u] D 25 = -41.0° (c=1.02, MeOH) 

(S)-2-[2-Benzyloxycarbonylamino)-1 ,2,3,4-tetrahydronaphthalen-7-yloxy]-A/.A/-dimethylacetamide (100 mg) and 
20 mg of 10 % palladium-carbon were suspended in 5 ml of acetic acid and the suspension was stirred at room tem- 
perature for 3 hours in an atmosphere of hydrogen. The catalyst was removed by filtration, the filtrate was concentrated 
under reduced pressure, and the residue was recrystallized from ethanoldiethyl ether to give 72 mg of (S)-2-(2-amino- 
1 ,2,3,4-tetrahydronaphthalen-7-yloxy)-A/,A/-dimethylacetamide acetate having a melting point of 135 to 142 n C. 

IR (KBr) : 3431, 2636, 2158, 1656 cm" 1 
1 H-NMR (DMSO-d 6 ) 

<S ppm: 1.40-1.60 (1H, m), 1.81 (3H, s), 1.85-2.00 (1H, m), 2.40-2.55 (1H, m), 2.60-3.15 (10H, m), 4.71 (2H, s), 
5.60-6.55 (3H, m), 6.61 (1 H, d, J=2.7Hz), 6.65 (1 H, dd, J=8.4, 2.7Hz), 6.95 (1 H, d, J=8.4Hz) 
Specific rotation: [a] D 25 = -46.8° (c=0.99, AcOH) 

Reference Example 3 

2-Bromo-1 -(2,2-dimethylbenzo[1 ,2-d]-1 ,3,-dioxan-6-yl)-1 -ethanone 

2-Acetoxymethyl-4-bromoacetylphenyl acetate (18.6 g) was dissolved in 90 ml of methanol, 100 ml of 47 % hydro- 
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bromic acid was added with stirring under ice-cooling, and the mixture was subjected to 16 hours of reaction at room 
temperature. Water was added to the reaction solution with stirring under ice-cooling, and the resulting precipitates 
were collected by filtration and washed with water and hexane to give 9.54 g of 2-bromo-4'-hydroxy-3'-hydroxymethyl- 
acetophenone having a melting point of 1 1 7 to 1 19 "C. 

5 

IR (KBr): 3440. 1677 cm 1 
1 H-NMR(DMSO-d 6 ) 

iSppm: 4.50 (2H, s), 4.75 (2H, s). 5.10 (1H, br s), 6.87 (1H, d, J=8.5Hz), 7.79 (1H, dd, J=8.5, 2.4Hz), 7.99 (1H, d, 
J=2.4Hz), 10.52 (1H. s) 

w 

2-Bromo-4'-hydroxy-3'-hydroxymethylacetophenone (17.7 g), 124 mg of p-toluenesulfonic acid monohydrate and 
256 ml of acetone dimethyl acetal were dissolved in 256 ml of acetone and the mixture was heated under reflux for 30 
minutes. After cooling, an aqueous saturated sodium bicarbonate solution was added to the reaction solution, and the 
mixture was extracted with ethyl acetate. The extract was washed with water and brine and then dried over anhydrous 
r5 magnesium sulfate. The solvent was evaporated under reduced pressure and the resulting residue was purified by silica 
gel medium pressure liquid column chromatography (eluent: hexane/ethyl acetate = 7/1) to give 1 1 .9 g of 2-bromo-1- 
(2,2-dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-1 -ethanone having a melting point of 52 to 54 °C. 

IR (KBr): 1693 cm' 1 
20 ^-NMR (CDCI 3 ) 

6 ppm: 1.57 (6H, s), 4.37 (2H, s), 4.89 (2H, s), 6.88 (1H, d, J=8.6Hz), 769 (1H, d, J=2.2Hz), 7.82 (1H, dd, J=8.6. 
2.2Hz) 

Reference Example 4 

25 

(-)-2-[(2S)-2-t[(2R)-2-(2,2-Dimethylbenzo[1,2-d]-1,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1,^ 
7-yloxy)-A/,A/-dimethyacetamide 

6-Bromo-2,2-dimethylbenzo[1,2-d]-1,3-dioxane (30.0 g) was dissolved in 610 ml of tetrahydrofuran, 136 ml of 1.56 
30 M n-butyl lithium in hexane was added to the solution with stirring at -80 W C, and the mixture was subjected to 15 min- 
utes of reaction. With stirring at -80 °C, the reaction solution was added to a solution of 21 .6 g of diethyl oxalate in 200 
ml of tetrahydrofuran, and the mixture was subjected to 1 hour of reaction. Then, 100 ml of ethanol and a solution of 
1 .40 g of sodium borohydride in 100 ml of ethanol were added in that order. The reaction solution was stirred at -30 °C 
for 30 minutes, 8.26 ml of acetic acid was added, and the mixture was stirred for 5 minutes. Then, a solution of 14.8 g 
35 of potassium bicarbonate in 50 ml of water was added, and the reaction solution was concentrated under reduced pres- 
sure. Water was added to the residue, and the mixture was extracted with ethyl acetate. The extract was washed with 
brine and then dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure and the 
resulting residue was purified by silica gel medium pressure liquid column chromatography (eluent: hexane/ethyl ace- 
tate = 5/1) to give 25.1 g of ethyl 2-(2,2-dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyacetate in an oily form. 

40 

IR (neat): 3467, 1736 cm 1 
1 H-NMR (CDCI3) 

iS ppm: 1.24 (3H, t, J=7.1Hz), 1.54 (6H, s). 3.39 (1H, d. J=5.6Hz), 4.10-4.35 (2H, m), 4.84 (2H, s), 5.06 (1H, d, 
J=5.6Hz), 6.80 (1H, d, J=8.4Hz), 7.03 (1H, d, J=1.9Hz), 719 (1H, dd, J=8.4, 1.9Hz) 

45 

Ethyl 2-(2,2-dimethylbenzo[1.2-d]-1.3-dioxan-6-yl)-2-hydroxyacetate (78.3 g) was dissolved in 145 ml of ethanol, 
1 76 ml of 2 N aqueous sodium hydroxide solution was added to the solution with stirring under ice-cooling, and the mix- 
ture was subjected to 1 .5 hours of reaction at room temperature. With stirring under ice-cooling, 1 74 ml of 2 N aqueous 
sulfuric acid solution was added to the reaction solution, water and brine were then added, and the mixture was 

so extracted with ethyl acetate. The extract was washed with brine and then dried over anhydrous magnesium sulfate. The 
solvent was evaporated under reduced pressure and the resulting residue was dissolved in 210 ml of ethanol. Then, 
50.3 g of (F?)-(+)-1 -(l-naphthyl)ethylamine was added and the mixture was allowed to stand at room temperature to give 
48.3 g of precipitated crystals. By recrystallizing the resulting crystals from 88 ml of ethanol, 43.6 g of 1 :1:1 salt of (-)- 
(/=?)-2-(2,2-dimethylbenzo[1,2-d]-1,3-dioxan-6-yl)-2-hydroxyacetic acid, (/=?)-(+)- 1 -(1 -naphthyl)ethylamine and ethanol 

55 having a melting point of 164 to 165 °C was obtained. 

IR (KBr): 3327, 1567 cm" 1 
1 H-NMR(CDCI 3 ) 
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o ppm: 1.15-1.30 (9H, m), 1.38 (3H, s), 3.70 (2H. q, J=7.0Hz), 4.15 (1H, s), 4.38 (1H, d, J=15.2Hz), 4.49 (1H, d. 
J = 1 5.2Hz), 4.71 (1H, q, J=6.7Hz). 6.46 (1H, d, J=8.4Hz), 6.53 (1H. d, J=18Hz), 6.61 (1H, dd, J=8.4, 1.8Hz), 7.30- 
7.45 (2H, m), 7.50-7.65 (2H, m), 7.75 (1H, d, J=8.4Hz), 7.84 (1H, d, J=7.9Hz), 7.91 (1H, d, J=8.1Hz) 
Specific rotation: [«] D 25 = -33.7° (c=0.52, MeOH) 



A 1:1:1 salt (43.6 g) of (-)-(R)-2-(2,2-dimethylbenzo-[1,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyacetic acid, (£?)-(+)" "H 1 " 
naphthyl)ethylamine and ethanol was suspended in a two layer mixture of 200 ml of water and 300 ml of ethyl acetate, 
47.9 ml of 2 N aqueous sulfuric acid solution was added to the suspension with stirring under ice-cooling, and the mix- 
ture was stirred for 30 minutes. The reaction solution was filtered through Celite®, and the organic layer of the filtrate 
w was washed with water and dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced pres- 
sure and the resulting residue was recrystallized from ethyl acetatediisopropyl ether to give 22.8 g of (-)-(/=?)-2-(2,2- 
dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyacetic acid having a melting point of 1 15 to 1 18 "C (decomposition). 

IR (KBr) : 3397, 2638, 1701 cm 1 
75 1 H-NMR(DMSO-d 6 ) 

o ppm: 1 .45 (6H, s), 4.81 (2H, s), 4.92 (1 H, s), 5.80 (1 H, br), 6.75 (1 H, d. J=8.4Hz), 7.09 (1 H, d, J=1 .8Hz). 7. 18 (1 H, 

dd, J=8.4, 1.8Hz), 12.50 (1H, br) 

Specific rotation: [«] D 25 = -1 13.3° (c=1 .54, MeCN) 

20 (-)-(R)-2-(2 l 2-Dimethylbenzo[1.2-d]-1,3-dioxan-6-yl)-2-hydroxyacetic acid (130 mg), 148 mg of (S)-2-amino-7- 

hydroxytetralin hydrobiomide and 243 mg of benzotriazol-1 -yloxytris(dimethylamino)phosphonium hexafluorophos- 
phate were dissolved in 1 .4 ml of N./V-dimethylformamide, 0.15 ml of triethylamine was added to the solution with stir- 
ring under ice-cooling, and the mixture was subjected to 1 5 hours of reaction. Water was added to the reaction solution 
and the mixture was extracted with ethyl acetate. The extract was washed with water and dried over anhydrous magne- 

25 sium sulfate. The solvent was evaporated under reduced pressure and the resulting residue was purified by aminopro- 
pylated silica gel medium pressure livid column chromatography (eluent: ethyl acetate/acetone = 4/1) and then 
recrystallized from ethyl acetate to give 186 mg of (-)-(2fl)-2-(2,2-dimethylbenzo[1,2-d]-1,3-dioxan-6-yl)-2-hydroxy-A/- 
((2S)-7-hydroxy-1,2,3,4-tetrahydronaphthalen-2-yl)acetamide having a melting point of 169 to 170 °C. 

30 IR (KBr): 3373, 3263, 1642 cm' 1 

1 H-NMR (CDCI 3 ) 

6 ppm: 1 .49 (3H, s), 1 .51 (3H, s), 1 .60-1 .80 (1 H, m). 1 .90-2.00 (1 H. m), 2.50 (1 H, dd. J-16.3. 8.3Hz). 2.60-2.80 (2H. 
m). 2.92 (1 H, dd, J=16.3, 5.0Hz), 3.60 (1 H, br), 4.1 5-4.25 (1 H, m) 4.73 (2H, s), 4 93 (1 H, s), 6.20 (1 H, br), 6.36 (1 H, 
d. J=2.5Hz), 6.50 (1H, d, J=8.0Hz), 6.59 (1H, dd, J=8.3, 2.5Hz), 6.77 (1H, d, J=8.4Hz), 6.88 (1H. d, J=8.3Hz), 6.93 
35 (1H, d, J=2.0Hz), 7.12 (1H, dd, J=8.4, 2.0Hz) 

Specific rotation: [«] D 25 = -101.2° (c=0.52, MeOH) 

(-)-(2R)-2-(2,2-Dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxy-/V ((2S)-7-hydroxy-1 ,2,3.4-tetrahydronaphthalen- 
2-yl)acetamide (686 mg) was dissolved in 50 ml of tetrahydrofuran, 3.58 ml of 2 M borane-dimethylsulfide complex in 

40 tetrahydrofuran was added, and the mixture was heated under reflux for 3 hours. Then, a solution of 1 .34 g of ti ieth- 
anolamine in 5.0 ml of tetrahydrofuran was added, and the mixture was again heated under reflux for 15 hours. After 
cooling, water was added to the reaction solution, and the mixture was extracted with ethyl acetate. The extract was 
washed with water and then dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced pres- 
sure and the resulting residue was recrystallized from ethyl acetate to give 560 mg of (-)-(1 tt)-1-(2,2-dimethylbenzo[1 ,2- 

45 d]-1,3-dioxan-6-yl)-2-[((2S)-7-hydroxy-1.2,3.4-tetrahydronaphthalen-2-yl)amino]ethanol having a melting point of 156 

to158°C. 

IR (KBr): 3400 cm* 1 
1 H-NMR(CDCI 3 ) 

50 6 ppm: 1 .50-1.70 (7H, m), 2.00-2.10 (1H, m), 2.55 (1H, dd, J=17.5, 10.4Hz), 2.65-2.85 (3H, m), 2.90-3.10 (3H, m), 

4.61 (1 H, dd, J=9.1 , 3.5Hz). 4.84 (2H. s). 6.53 (1 H. d, J=2.3Hz), 6.60 (1 H, dd, J=8.2, 2.3Hz). 6.80 (1 H, d, J=8.4Hz), 
6.94 (1H. d. J=8.2Hz) . 7.02 (1H, s), 7.14 (1H, d, J=8.4Hz) 
Specific rotation: [u] D 25 = -59.0° (c=1.02, MeOH) 

55 (-).(lR)-l-(2,2-Dimethylbenzo[1,2-d]-1.3-dioxan-6-yl)-2-[((2S)-7-hydroxy-1, 2,3,4-tetrahydronaphthalen-2- 

yl)amino]-ethanol (5.15 g) and 11.3 ml of A/./V-diisopropylethylamine were added to 125 ml of methylene chloride, a 
solution of 5.51 ml of trif luoroacetic anhydride in 16 ml of methylene chloride was added to the resulting suspension with 
stirring at -1 5 °C, and the mixture was subjected to 30 minutes of reaction. The reaction solution was washed with water 
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and dried over anhydrous magnesium sulfate. Then, the solvent was evaporated under reduced pressure. The resulting 
residue was dissolved in 63 ml of N, /V-dimethylformamide, 5.0 g of molecular sieves 4A powder, 3.24 g of 2-bromo-A/.A/- 
dimethyl-acetamide and 19.0 g of cesium carbonate were added to the solution, and the mixture was stirred at room 
temperature for 2 hours. Then, 2.02 ml of diethylamine was added and the mixture was subjected to 20 minutes of reac- 

5 tion at room temperature. After adding 90 ml of water and 180 ml of methanol to the reaction solution under ice-cooling, 
the mixture was stirred at room temperature for 1.5 hours. Then, brine was added and the mixture was extracted with 
ethyl acetate. The extract was washed with brine and then dried over anhydrous magnesium sulfate. The solvent was 
evaporated under reduced pressure and the resulting residue was purified by aminopropylated silica gel medium pres- 
sure liquid column chromatography (eluent: ethyl acetate) to give 3.22 g of (-)-(2fi)-2-[(2S)-2-[[2-(2,2-dimethyf- 

w benzo[1,2-d]-1,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1,^^ in 
an oily form. 

IR(neat): 3401, 1656 cm' 1 
^-NMR (CDCI 3 ) 

15 o ppm: 1 .50-1 .70 (7H, m), 2.00-2.10 (1 H, m), 2.56 (1 H, dd, J=15.2, 8.0Hz), 2.65-3.10 (12H, m), 4.59 (1 H, dd, J=9.1 , 

3.5Hz), 4.64 (2H, s), 4.84 (2H, s), 6.65 (1H, d, J=2.6Hz), 6.73 (1H, dd, J=8.4, 2.6Hz), 6.79 (1H, d, J=8.4Hz), 6.99 
(1H, d, J=8.4Hz), 7.02 (1H, d, J=2.0Hz), 7.14 (1H, dd, J=8.4, 2.0Hz) 
Specific rotation: [a] D 25 = -46.0° (c=1.23, MeOH) 

20 Reference Example 5 

(-)-1 -[2-[(2S)-2-[[(2 tf)-2-(2.2-Dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2,3,4-tetrahydronaphtha- 
len-7-yloxy]acetyl]pyrrolidine 

25 The reactions and treatments of Reference Example 4 were repeated except that 1-bromoacetylpyrrolidine was 
used instead of 2-bromo-A/, /V-dimethylacetamide, thereby obtaining amorphous {-)-1 -[2-[(2S)-2-[[(2/ = ?)-2-(2,2-dimethyl- 
benzo[1,2-d]-1,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1,2,3,4-tetrahydronaphthalen-7-yloxy]acetyl] pyrrolidine. 

IR (film) : 3401, 1649 cm 1 
30 'H-NMR (CDCI3) 

<S ppm: 1.45-1.70 (7H, m), 1.80-2.10 (5H, m), 2.56 (1H, dd, J=15.4, 8.3Hz), 2.70-3.05 (6H, m), 3.45-3.60 (4H ( m), 
4.55-4.65 (3H, m), 4.85 (2H, s), 6.65 (1H, d, J=2.7Hz), 6.73 (1H, dd, J=8.4, 2.7Hz), 6.79 (1H, d, J=8.4Hz), 6.99 (1H, 
d, J=8.4Hz), 7.02 (1H, d, J=1 .9Hz), 7.14 (1H, dd, J=8.4, 1.9Hz) 
Specific rotation: [u] D 25 = -47.0° (c=1.13, MeOH) 

35 

(-)-1 -[2-[(2S)-2-[[(2f?)-2-(2,2-Dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2,3,4-tetrahydronaphtha- 
len-7-yloxy)acetyl]pipet idine 

The reactions and treatments of Reference Example 4 were repeated except that 1 -bromoacetylpiperidine was 
40 used instead of 2-bromo-A/, A/-dimethylacetamide, thereby obtaining amorphous (-)-1 -[2-[(2S)-2-[[(2/ : ?)-2-(2 l 2-dimethyl- 
benzo[1.2-d]-1,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1,2,3.4-tetrahydronaphthalen-7-yloxy]acetyl]piperidine. 

IR (film): 3402, 1649 cm" 1 
1 H-NMR (CDCI3) 

45 oppm: 1.40-1.70 (13H, m), 1.95-2.10 (1H, m), 2.50-3.10 (7H, m). 3.40-3.60 (4H, m), 4.55-4.65 (3H, m), 4.85 (2H, 

s), 6.65 (1H, d. J=2.7Hz), 6.73 (1H, dd. J=8.4, 2.7Hz), 6.80 (1H, d, J=8.4Hz), 6.99 (1H, d. J=8.4Hz). 7.02 (1H, d, 
J=1.8Hz). 7.14 (1H, dd, J=8.4, 1.8Hz) 
Specific rotation: [u] D 25 = -45.6° (c=1.00, MeOH) 

50 (-)-4-[2-[(2S)-2-[[(2/=?)-2-(2,2-Dimethylbenzo[1,2-d]-1,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1, 2,3,4-tetrahydronaphtha- 
len-7-yloxy]acetyl]morpholine 

The reactions and treatments of Reference Example 4 were repeated except that 4-bromoacetylmorpholine was 
used instead of 2-bromo-A/. A/-dimethylacetamide, thereby obtaining amorphous (-)-4-[2-[(2S)-2-[[(2fl)-2-(2,2-dimethyl- 
55 benzo[1,2-d]-1,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1,2,3,4-tetrahydronaphthalen-7-yloxy]acetyl]morpholine. 

IR (KBr): 3438, 1652 cm" 1 
1 H-NMR (CDCI3) 
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<S ppm: 1.45-1.70 (7H, m), 2.00-2.10 (1H, m). 2.50-3.10 (7H, m), 3.55-3.75 (8H, m), 4.59 (1H, dd, J=9.1, 3.4Hz), 
4.65 (2H, s). 4.85 (2H, s), 6.65 (1H, d, J=2.6Hz). 6.72 (1H, dd, J=8.4, 2.6Hz). 6.80 (1H, d, J=8.4Hz), 7.00 (1H, d. 
J=8.4Hz), 7.03 (1 H, d. J=1 8Hz), 7.14 (1H, dd, J=8.4, 1 .8Hz) 
Specific rotation: [a] D 25 = -52.2° (c=0.54, MeOH) 

Reference Example 6 

The reactions of Reference Example 4 were repeated except that (S)-(-)-1 -(1 -naphthyl)ethylamine was used 
instead of (R)-(+)-1-(1-naphthyl)ethylamine to give ( + )-(S)"2-(2,2-dimethylbenzo[1,2-d]-1.3-dioxan-6-yl)-2-hydroxyace- 
tic acid, and the following compounds were subsequently obtained. 

(-)-2-[(2S)-2-[[(2S)-2-(2.2-Dimethylbenzo 
7-yloxy]-A/.A/-dimethylacetamide 

Melting point: 130-131 °C (recrystallization solvent: ethyl acetate) 
IR (KBr): 3432, 1652 cm" 1 
1 H-NMR (CDCI 3 ) 

iS ppm- 1 45-1.65 (7H, m), 2.00-2.10 (1H, m). 2.58 (1H, dd, J=16.0, 8.9Hz), 2.65-3.10 (12H, m), 3.65 (1H, br), 4.60 
(1H, dd, J=9.2, 3.5Hz), 4.64 (2H, s). 4.85 (2H, s), 6.65 (1H, d, J=2.6Hz), 6.73 (1H, dd, J=8.4, 2.6Hz), 6.80 (1H, d, 
J=8.4Hz), 6.99 (1 H, d, J=8.4Hz), 7.02 (1 H, d, J=1 9Hz). 7.14 (1H, dd, J=8.4, 1 9Hz) 
Specific rotation: [a] D 25 = -25.6° (c=1.20, MeOH) 

(-)-1 -[2-[(2S)-2-[[(2S)-2-(2,2-Dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2,3,4-tetrahydronaphtha- 
len-7-yloxy]acetyl]pyrrolidine 

Amorphous 

IR (KBr): 3415, 1649 cm' 1 
1 H-NMR (CDCI3) 

» ppm 1 50-1.70 (7H, m), 1 .80-2.10 (5H. m), 2.55-3.10 (7H, m), 3.52 (4H, t, J=6.6Hz), 4.55-4.65 (1 H, m), 4.58 (2H. 
s), 4.85 (2H, s), 6.65 (1H, d. J=2.6Hz), 6.74 (1H, dd, J=8.4, 2.7Hz), 6.80 (1H, d. J=8.4Hz), 6.95-7.05 (2H, m), 7.10- 
7.15 (1H, m) 

Specific rotation: [u] D 25 = -26.9° (c=1.00, MeOH) 
Reference Example 7 

2-[(2S)-2-[[(2«S)2-[4-Benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyethyq 
yloxy]- N, A/-dimethylacetamide 

Methyl 2-(5-acetyl-2-hydroxyphenyl)acetate (8.0 g) was dissolved in 120 ml of /Y/V-dimethylformamide, 5 ml of ben- 
zyl bromide and 5 8 g of potassium carbonate were added to the solution, and the mixture was stirred at room temper- 
ature for 16 hours. About 100 g of ice and 200 ml of hexane were added to the reaction solution, and the mixture was 
vigorously stirred while adding 200 ml of water. Thereafter, the precipitated crystals were collected by filtration and 
recrystallized from methylene chloride-hexane to give 10.1 g of methyl 2-(5-acetyl-2-benzyloxyphenyl)acetate having a 
melting point of 85 to 87 °C. 

IR (KBr): 1747, 1682 cm' 1 
1 H-NMR (CDCI3) 

6 ppm: 2.55 (3H, s), 3.64 (3H, s), 3.71 (2H, s), 5.16 (2H, s), 6.96 (1H, d. J=8.6Hz), 7.30-7.40 (5H, m), 7.85 (1H, d, 
J=2.3Hz), 7.89 (1 H, dd, J=8.6, 2.3Hz) 

Methyl 2-(5-acetyl-2-benzyloxyphenyl)acetate (9.0 g), 18 ml of methyl orthoformate and 18 ml of ethylene glycol 
were dissolved in 300 ml of methylene chloride, 60 mg of p-toluenesulfonic acid monohydrate was added to the solu- 
tion, and the mixture was heated under reflux for 1 2 hours. After cooling, 0. 14 ml of triethylamine was added to the reac- 
tion solution and the mixture was stirred for 15 minutes. The reaction solution was partially purified by silica gel flash 
column chromatography (eluent: methylene chloride) and then further purified by silica gel medium pressure liquid col- 
umn chromatography (eluent: hexane/diethyl ether = 3/2) to give 9.2 g of methyl 2-[2-benzyloxy-5-(2-methyl-1 ,3-dioxo- 
lan-2-yl)phenyl]acetate in an oily form. 
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IR (neat): 1742 cm' 1 
1 H-NMR(CDCI 3 ) 

i> ppm: 1.65 (3H. s). 3.63 (3H, s). 3.68 (2H, s), 3.80-3.85 (2H, m), 4.00-4.05 (2H, m), 5.07 (2H, s), 6.88 (1H. d, 
J=8.4Hz), 7.30-7.45 (7H, m) 

5 

Methyl 2-[2-benzyloxy-5-(2-methyl-1 ,3-dioxo!an-2-y!)phenyl]acetate (9.0 g) was dissolved in 130 ml of diethyl ether, 
1.0 g of lithium aluminum hydride in small portions was added to the solution with stirring under ice-cooling, and the 
mixture was subjected to 1 hour of reaction. Water was added in small portions to the reaction solution with stirring 
under ice-cooling, and the formed precipitates were removed by filtration. By concentrating the resulting filtrate under 
w reduced pressure, 9.0 g of 2-[2-benzyloxy-5-(2-methyl-1 ,3-dioxolan-2-yl)phenyl]ethanol was obtained in an oily form. 

IR (neat): 3442 cm' 1 
1 H-NMR (CDCI 3 ) 

iS ppm: 1.60-1.70 (4H, m), 2.96 (2H, t, J=6.5Hz), 3.75-3.90 (4H, m), 3.95-4.10 (2H, m), 5.08 (2H. s), 6.89 (1H, dd, 
15 J=7.0, 2.0Hz), 7.30-7.45 (7H, m) 

2-[2-Benzyloxy-5-(2-methyl-1 ,3-dioxolan-2-yl)phenyl]ethanol (9.0 g) was dissolved in 100 ml of A/.A/-dimethylforma- 
mide, 1 .26 g of sodium hydride in 60 % oil was added to the solution with stirring under ice-cooling, and the mixture was 
subjected to 1 hour of reaction at room temperature. Then, 3.75 ml of benzyl bromide was added with stirring under ice- 

20 cooling and the mixture was subjected to 16 hours of reaction at room temperature. Then, 100 g of ice and 100 ml of 
water were added to the reaction solution, the mixture was extracted with diethyl ether, and then the solvent was evap- 
orated under reduced pressure. The resulting residue was dissolved in 50 ml of 1 ,2-dimethoxyethane, 10 ml of 1 N 
hydrochloric acid was added to the solution, and the mixture was stirred at room temperature for 30 minutes. Water was 
added, the mixture was extracted with diethyl ether, and the extract was dried over anhydrous magnesium sulfate. The 

25 solvent was evaporated under reduced pressure and the resulting residue was purified by silica gel medium pressure 
liquid column chromatography (eluent: hexane/diethyl ether = 2/1) to give 8.5 g of 4 -benzyloxy-3 , -(2-benzyloxye- 
thyl)acetophenone in an oily form. 

IR(neat): 1677 cm 1 
30 1 H-NMR(CDCI 3 ) 

iS ppm: 2.54 (3H, s), 3.05 (2H, t, J=7.0Hz), 3.73 (2H, t, J=7.0Hz), 4.52 (2H, s), 5.13 (2H, s), 6.92 (1H, d, J=8.5Hz), 
7.20-7.40 (10H, m), 7.83 (1H, dd, J=8.5, 2.3Hz), 7.86 (1H, d, J=2.3Hz) 

4 -Benzyloxy-3'-(2-benzyloxyethyl)acetophenone (8.0 g) and 0.4 ml of 30 % hydrogen bromide acetic acid solution 
35 were dissolved in 80 ml of chloroform, and a solution of 1 . 1 ml of bromine in 30 ml of chloroform was added to the solu- 
tion dropwise during 2 hours with stirring at room temperature. The reaction solution was concentrated under reduced 
pressure and the resulting residue was purified by silica gel medium pressure liquid column chromatography (eluent: 
hexane/diethyl ether = 2/1) to give 3.9 g of 4'-benzyloxy-3'-(2-benzyloxyethyl)-2-bromoacetophenone having a melting 
point of 53 to 56 °C. 

40 

IR (KBr): 1684 cm" 1 
1 H-NMR (CDCI3) 

iS ppm: 3.04 (2H, t, J=6.9Hz), 3.73 (2H, t, J=6.9Hz), 4.38 (2H, s), 4.51 (2H, s), 5.14 (2H, s), 6.95 (1H, d, J=8.4Hz), 
7.20-7.45 (10H, m), 7.85-7.90 (2H, m) 

45 

Water (20 ml) and methylene chloride (20 ml) were added to 600 mg of ethyl (S)-2-(2-amino-1 ,2,3,4-tetrahydro- 
naphthalen-7-yloxy)acetate hydrochloride, 300 mg of sodium bicarbonate was added to the mixture with stirring under 
ice-cooling, and the mixture was stirred for 30 minutes. The organic layer was separated and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under reduced pressure. The resulting residue was dissolved in 

50 0.5 ml of N. A/-dimethylformamide, a solution of 440 mg of 4-benzyloxy-3'-(2-benzyloxyethyl)-2-bromoacetophenone in 
1 ml of /V./V-dimethylformamide was added to the solution with stirring at -10 °C, and the mixture was subjected to 20 
minutes of reaction at 0 °C. The reaction solution was again cooled to -10 °C, 190 mg of sodium borohydride and 4 ml 
of ethanol were added to the solution with stirring in that order, and the mixture was subjected to 10 minutes of reaction 
at 0 °C. The reaction mixture was poured into ice water and the mixture was extracted with ethyl acetate. The extract 

55 was washed with water and dried over anhydrous magnesium sulfate, and then the solvent was evaporated under 
reduced pressure. The resulting residue was dissolved in 10 ml of tetrahydrofuran, 0.7 ml of triethanolamine was added 
to the solution, and the mixture was heated under reflux for 16 hours. After cooling, water was added and the mixture 
was extracted with ethyl acetate. The extract was washed with water and then dried over anhydrous magnesium sulfate. 
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The solvent was evaporated under reduced pressure and the resulting residue was purified by silica gel medium pres- 
sure liquid column chromatography (eluent: methylene chloi ide/ethanol = 30/1) to give 540 mg of ethyl 2-[(2S)-2- 
[[(2flS)-2-[4-benzyloxy-3-(2-benzylox^ 
tate in an oily form. 

IR (neat): 3297, 1759, 1736 cm 1 
1 H-NMR(CDCI 3 ) 

<S ppm: 1 .30 (3H, t, J=7.1 Hz), 1 .50-1 .65 (1 H, m). 2.00-2.10 (1 H, m), 2.50-2.85 (4H, m), 2.90-3. 10 (5H, m), 3.72 (2H, 
t, J=7.3Hz), 4.27 (2H, q, J=7.1Hz). 4.51 (2H, s), 4.57 (2H, s). 4.62 <1H, dd, J=9.0, 3.4Hz), 5.06 (2H, s), 6.60 (1H, 
s), 6.69 (1H, dd, J=8.4, 2.7Hz), 6.88 (1H, d. J=8.4Hz), 6.99 (1H, d. J=8.4Hz), 7.15-7.45 (12H, m) 

Ethyl 2-[(2S)-2-[[(2RS)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]-1,2,3,4-tetrahyd 
thalen-7-yloxy]acetate (256 mg) and 2.2 ml of dimethylamine were dissolved in 2.2 ml of tetrahydrofuran, and the solu- 
tion was sealed in a tube and subjected to 39 hours of reaction at 60 °C. The reaction solution was concentrated under 
reduced pressure and the resulting residue was purified by silica gel medium pressure liquid column chromatography 
(eluent: ethyl acetate/ethanol = 1/1) to give 230 mg of amorphous 2-[(2S)-2-[[(2RS)-2-[4-benzyloxy-3-(2-benzyloxye- 
thyl)phenyl]-2-hydroxyethyl]amino]-1.^ 

IR (neat): 3381, 1655, 1649 cm 1 
1 H-NMR (CDCI 3 ) 

<S ppm: 1.60-1.75 (1H, m), 2.05-3.15 (18H, m), 3.71 (2H. t, J=7.2Hz), 4.50 (2H, s), 4.63 (2H, s), 4.75 (1H, d. 
J=7.4Hz), 5.05 (2H, s), 6.63 (1 H, s), 6.74 (1H, dd, J=8.4, 2.7Hz), 6.87 (1 H, d, J=8.4Hz), 6.99 (1 H, d, J=8.4Hz), 7.15- 
7.45 (12H, m) 

Reference Example 8 

(-)-2-[(2S)-2-[[(2fl)-2-[4-Benzyloxy-^ 
7-yloxy]-/V./V-dimethylacetamide 

Benzyl 2-(2-benzyloxyethyl)phenyl ether (159 mg) and 123 mg of sodium acetate are suspended in 2 ml of acetic 
acid, 29 id of bromine was added to the suspension with stirring at room temperature, and the mixture was subjected 
to 1 hour of reaction. Then, a solution of 100 mg of sodium sulfite heptahydrate in 20 ml of water was added, and the 
mixture was extracted with ethyl acetate. The extract was washed with water, an aqueous saturated sodium bicarbonate 
solution and water in that order and then dried over anhydrous magnesium sulfate. The solvent was evaporated under 
reduced pressure and the resulting residue was purified by silica gel medium pressure liquid column chromatography 
(eluent: hexane/ methylene chloride = 2/1 ) to give 1 73 mg of benzyl 2-(2-benzyloxyethyl)-4-bromophenyl ether in an oily 
form. 

1 H-NMR (CDCI3) 

5 ppm: 2.97 (2H, t, J=7.0Hz), 3.68 (2H, t, J=7.0Hz), 4.50 (2H, s), 5.02 (2H, s). 6.75 (1H, d, J=8.7Hz), 7.20-7.40 
(12H. m) 

Benzyl 2-(2-benzyloxyethyl)-4-bromophenyl ether (24.0 g) was dissolved in 200 ml of tetrahydrofuran, 47.0 ml of 
1 .57 M n-butyl lithium in hexane was added to the solution with stirring at -95 °C. and the mixture was subjected to 15 
minutes of reaction. The reaction solution was added to a solution of 10.8 g of diethyl oxalate in 300 ml of tetrahydro- 
furan with stirring at -95 °C, and the resulting solution was subjected to 1 hour of reaction. Then, 200 ml of ethanol and 
755 mg of sodium borohydride were added in that order. The reaction solution was stirred at -35 °C for 45 minutes, 4.70 
ml of acetic acid was added, and the mixture was stirred for 15 minutes. Then, a solution of 6.9 g of sodium bicarbonate 
in 300 ml of water was added and then the mixture was concentrated under reduced pressure. The resulting concen- 
trate was extracted with ethyl acetate, and the extract was washed with water and then dried over anhydrous magne- 
sium sulfate. Thereafter, the solvent was evaporated under reduced pressure and the resulting residue was purified by 
silica gel medium pressure liquid column chromatography (eluent: hexane/ethyl acetate = 3/1) to give 19.9 g of ethyl 2- 
[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyacetate in an oily form. 

IR (neat): 3456. 1735 cm 1 
1 H-NMR(CDCI 3 ) 

6 ppm: 1 .21 (3H, t, J=7.1 Hz), 3.02 (2H, t, J=7.3Hz), 3.34 (1H, d, J=5.9Hz), 3.70 (2H, t, J=7.3Hz), 4.10-4.30 (2H, m), 
4.51 (2H, s), 5.05 (2H, s), 5.08 (1 H, d, J=5.9Hz), 6.87 (1H, d, J=8.4Hz), 7.20-7.40 (12H, m) 
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Ethyl 2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyacetate (39.7 g) was suspended in 40 ml of ethanoi, 57 
ml of 2 N aqueous sodium hydroxide solution was added to the suspension with stirring under ice-cooling, and the mix- 
ture was subjected to 1 hour of reaction at room temperature. Then. 57 ml of 2 N aqueous sulfuric acid solution was 
added to the reaction solution with stirring under ice-cooling, and the mixture was extracted with ethyl acetate. The 
5 extract was washed with water and then dried over anhydrous magnesium sulfate. Thereafter, the solvent was evapo- 
rated under reduced pressure to give 35. 1g of 2-[4-benzyloxy-3-(2-ben2yloxyethyl)phenyl]-2-hydroxyacetic acid in an 
oily form. 

IR (neat): 3399, 1734, 1719 cm' 1 
w 1 H-NMR (CDCI 3 ) 

iS ppm: 3.01 (2H, t, J=7.1Hz), 3.71 (2H, t, J=7.1Hz), 4.50 (2H, s), 5.06 (2H, s), 5.16 (1H, s), 6.89 (1H, d, J=8.4Hz), 
7.20-7.40 (12H, m) 

2-[4-Benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyacetic acid (1.73 g), 1.18 g of (S)-2-amino-7-hydroxytetralin 
15 hydrobromide and 1 .95 g of benzotriazol-1 -yloxytris(dimethylamino)phosphonium hexafluorophosphate were dissolved 
in 1 1 ml of /V./V-dimethylformamide, 1 .23 ml of ti iethylamine was added to the solution with stirring at room temperature 
and the mixture was subjected to 3 hours of reaction. Water was added to the reaction solution and the mixture was 
extracted with ethyl acetate. The extract was washed with water and then dried over anhydrous magnesium sulfate. The 
solvent was evaporated under reduced pressure and the resulting residue was partially purified by silica gel medium 
20 pressure liquid column chromatography (eluent: hexane/ethyl acetate = 1/1) to give 2-[4-benzyloxy-3-(2-benzyloxye- 
thyl)phenyl]-2-hydroxy-/V-((2S)-7-hydroxy-1 ,2,3.4-tetrahydronaphthalen-2-yl)acetamide (diastereomer mixture). The 
mixture was separated by silica gel medium pressure liquid column chromatography (eluent: diethyl ether) to give 1.08 
g of amorphous (-)-(2H)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxy-N-((2S)-7-hydroxy-1 ,2,3,4-tetrahydro- 
naphthalen-2-yl)acetamide (low polarity isomer) and 0.94 g of amorphous (-)-(2S)-2-[4-benzyloxy-3-(2-benzyloxye- 
25 thyl)phenyl]-2-hydroxy-/V-((2S)-7-hydroxy-1 ,2,3,4-tetrahydronaphthalen-2-yl)acetamide (high polarity isomer). 

Low polarity isomer 

IR (film): 3382. 1650 cm' 1 

1 H-NMR (CDCI3) 

30 iS ppm: 1.60-1.75 (1H, m), 1.85-2.00 (1H. m), 2.51 (1H, dd, J=16.3, 7.7Hz), 2.55-2.80 (2H, m), 2.85-3.05 (3H, m), 

3.49 (1H, d. J=3.3Hz), 3.66 (2H, t, J=7.4Hz), 4.15-4.25 (1H, m), 4.47 (2H, s), 4.89 (1H, d, J=3.3Hz), 5.00 (2H, s). 

6.32 (1H. br s), 6.37 (1H, d, J=2.5Hz), 6.49 (1H, d. J=8.0Hz), 6.56 (1H. dd. J=8.3. 2.5Hz), 6.81 (1H. d. J=8.4Hz). 

6.85 (1H, d. J=8.3Hz), 7.10 (1H, d, J=2.2Hz). 7.14 (1H. dd, J=8.4, 2.2Hz), 7.20-7.40 (10H. m) 

Specific rotation: [u] D 31 = -59.5° (c=1.08. MeOH) 
35 High polarity isomer 

I R (film) :3387. 1655 cm' 1 

1 H-NMR (CDCI3) 

iSppm: 1.60-1.75 (1H. m). 1.90-2.00 (1H, m). 2.49 (1H, dd. J=16.3, 8.3Hz), 2.65-2.80 (2H. m). 2.90-3.05 (3H, m). 
3.57 (1H, br s). 3.69 (2H, t ( J=7.1Hz), 4.15-4.25 (1 H. m). 4.49 (2H, s). 4.91 (1H. d. J=3.4Hz), 5.02 (2H. s), 6.02 (1H. 
40 br s), 6.35-6.45 (2H, m). 6.59 (1H. dd. J=8.3. 2.6Hz). 6.84 (1H, d. J=8.4Hz). 6.88 (1H. d. J=8.3Hz), 7.10-7.40 (12H, 

m) Specific rotation: [a] D 31 = -4.8° (c=1.05. MeOH) 

(-)-(2tf)-2-[4-Benzyloxy-3-(2-benzyloxye^ 
2-yl)acetamide (low polarity isomer) (1 .08 g) was dissolved in 20 ml of tetrahydrofuran, 438 \\\ of borane-di methyl sulfide 

45 complex was added to the solution, and the mixture was heated under reflux for 3 hours. Then, a solution of 1 .14 g of 
triethanolamine in 1 ml of tetrahydrofuran was added and the mixture was again heated under reflux for 6 hours. After 
cooling, water was added to the reaction solution, and the mixture was extracted with ethyl acetate. The extract was 
washed with water and then dried over anhydrous magnesium sulfate. Thereafter, the solvent was evaporated under 
reduced pressure and the resulting residue was recrystallized from ethyl acetate to give 687 mg of (-)-(1 ft)-1 -[4-benzy- 

50 loxy-3-(2-benzyloxyethyl)phenyl]-2-((2S)-7-hydroxy-1 ,2,3,4-tetrahydronaphthalen-2-ylamino)ethanol having a melting 
point of 147 to 150 °C. 

IR (KBr): 3430. 3290, 3190 cm' 1 
1 H-NMR(CDCI 3 ) 

55 iS ppm: 1.50-1.65 (1H. m), 2.00-2.10 (1H, m). 2.54 (1H, dd. J=17.7, 10.6Hz), 2.65-2.85 (3H, m), 2.90-3.10 (5H, m), 

3.72 (2H, t, J=7.2Hz), 4.51 (2H, s), 4.62 (1H. dd. J=9.0, 3.4Hz), 5.05 (2H. s). 6.52 (1H, d, J=2.6Hz). 6.60 (1H, dd. 
J=8.2, 2.6Hz), 6.87 (1H, d, J=8.3Hz). 6.94 (1H. d. J=8.2Hz). 7.15-7.40 (12H, m) 
Specific rotation: [a] D 31 = -47.9° (c=1.10, tetrahydrofuran) 
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(-)-(1f?)-1-[4-Benzyloxy-3-(2-benzyloxyethyl)ph 
ylamino)ethanol (450 mg) was dissolved in 4 ml of methylene chloride. 860 pi of 5 N aqueous sodium hydroxide solution 
and 143 mg of 2-bromo-/V./V-dimethylacetamide were added to the solution with stirring at room temperature in that 
order, and the mixture was subjected to 3 hours of reaction at room temperature. Then, 1 43 mg of 2-bromo- A/./V-dimeth- 
ylacetamide was additionally added to the reaction solution, and the mixture was subjected to 1 hour of reaction at room 
temperature. Then, 267 ( il of diethylamine was added and the mixture was stirred for 30 minutes. Brine was added to 
the reaction solution, and the mixture was extracted with ethyl acetate. The extract was washed with brine and then 
dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure and the resulting resi- 
due was purified by aminopropylated silica gel medium pressure liquid column chromatography (eluent: ethyl acetate) 
to give 410 mg of (-)-2-[(2S)-2-[[(2/ : ?)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]- 1.2,3,4-tet- 
rahydmapthalen-7-yloxy)-/V,/V-dimethylacetmide in an oily form. 

!R (neat): 3410. 1656 cm" 1 
1 H-NMR(CDCI 3 ) 

ft ppm 1 50-1.65 (1H, m), 2.00-2.10 (1H, m), 2.56 (1H, dd, J=15.7, 8.4Hz), 2.65-3.10 (14H, m), 3.72 (2H, t, 
J=7.5Hz), 4.51 (2H, S), 4.60-4.70 (3H. m). 5.06 (2H, 6). 6.58 (1H, d, J=2.7Hz), 6.74 (1H, dd. J=8.4, 2.7Hz), 6.88 
(1H, d, J=8.4Hz), 6.99 (1H, d. J=8.4Hz), 7.15-7.45 (12H. m) 
Specific rotation: [<x] D 25 = -41 .1° (c=1 .00, MeOH) 

Reference Example 9 

(-)-2-[(2S)-2-[[(2S)-2-[4-Benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyethyl]am 
yloxy)-A/.A/-dimethylacetamide 

Using (-)-(2S)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxy-N-((2S)-7-hydroxy-1 , 2,3,4-tetrahydronaph- 
thalen-2-yl)acetamide (high polarity isomer) obtained in Reference Example 8, the reactions and treatments of Refer- 
ence Example 8 were repeated to give (-)-2-[(2S)-2-[[(2S)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2- 
hydroxyethyl]amino]-1.2,3,4-tetrahydronaphthalen-7-yloxy)-A/.A/-dimethylacetamide in an oily form. 

IR (neat): 3409, 1655 cm" 1 
1 H-NMR (CDCI3) 

o ppm: 1.50-1.65 (1H, m). 2.00-2.10 (1H. m), 2.57 (1H, dd, J=16.0. 8.8Hz). 2.65-3.10 (14H, m), 3.71 (2H, t, 
J=7.2Hz), 4.50 (2H, s). 4.55-4.65 (3H, m), 5.05 (2H, s), 6.64 (1H, d, J=2.7Hz), 6.73 (1H. dd. J=8.4, 2.7Hz). 6.87 
(1H, d, J=8.4Hz), 6.98 (1H, d, J=8.4Hz), 7.15-7.45 (12H, m) 
Specific rotation: [a] D 31 = -24.2° (c=1.08, MeOH) 

(-)-1-[2-[(2S)-2-[[(2R)-2-[4-Benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]-1,2,3, 4-tetrahydronaphtha- 
len-7-yloxy]acetyl]pyrrolidine 

Using (-)-(2f?)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxy-/V-((2S)-7-hydroxy-1 ,2,3,4-tetrahydronaph- 
thalen-2-yl)acetamide (low polarity isomer) obtained in Reference Example 8 and 1 -bromoacetylpyrrolidine, the reac- 
tions and treatments of Reference Example 8 were repeated to give (-)-1 -[2-[(2S)-2-[[(2fl)-2-[4-benzyloxy-3-(2- 
benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]-1,2, 3, 4-tetrahydronaphthalen-7-yloxy]acetyl]pyrrolidine in an oily form. 

I R (neat): 3401 , 1652 cm" 1 
1 H-NMR (CDCI3) 

iSppm 1 40-1 75 (1H. m), 1.80-2.10 (5H, m), 2.50-2.60 (1H, m), 2.65-3.10 (8H, m), 3.45-3.55 (4H, m), 3.72 (2H, t, 
J=7.3Hz), 4.51 (2H, s). 4.55-4.65 (3H, m). 5.06 (2H, s), 6.65 (1H, d, J=2.7Hz), 6.74 (1H, dd. J=8.4, 2.7Hz), 6.88 
(1H, d. J=8.4Hz), 6.99 (1 H, d. J=8.4Hz), 7.15-7.45 (12H, m) 
Specific rotation: [a] D 25 = -41.4° (c=0.59, MeOH) 

(-)-1-[2-[(2S)-2-[[(2R)-2-t4-Benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]-1. 2,3,4-tetrahydronaphtha- 
len-7-yloxy]acetyl]piperidine 

Using (-)-(2«)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxy-A/-((2S)-7-hydroxy-1 ,2,3,4-tetrahydronaph- 
thalen-2-yl)acetamide (low polarity isomer) obtained in Reference Example 8 and 1-bromoacetylpiperidine. the reac- 
tions and treatments of Reference Example 8 were repeated to give (-)-1-[2-[(2S)-2-[[(2R)-2-[4-benzyloxy-3-(2- 
benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]-1.2,3.4-tetrahydronaphthalen-7-yloxy]acetyl]piperidine in an oily form. 
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IR (neat): 3395. 1649 cm* 1 
'H-NMR (CDCt 3 ) 

iS ppm: 1 .30-1 .70 (9H, m) , 1 .95-2.05 (1 H. m), 2.50-3.10 (9H. m), 3.45-3.60 (4H, m). 3.72 (2H, t. J=7.2Hz), 4.51 (2H, 
S), 4.55-4.65 (3H, m), 5.06 (2H, s). 6.65 (1H, d, J=2.7Hz), 6.73 (1 H, dd. J=8.4, 2.7Hz), 6.88 (1 H, d, J=8.4Hz), 6.95- 
5 7.05 (1H. m), 7.15-7.45 (12H, m) 

Specific rotation: [u] D 30 = -78.1° (c=0.52, CHCI 3 ) 

(-)-4-[2-[(2S)-2-[[(2R)-2-[4-Benzylox^ 
len-7-yloxy]acetyl]moi pholine 

w 

Using (-)-(2R)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxy-A/-((2S)-7-hydroxy- 1,2,3,4-tetrahydronaph- 
thalen-2-yl)acetamide (low polarity isomer) obtained in Reference Example 8 and 4-bromoacetylmorpholine, the reac- 
tions and treatments of Reference Example 8 were repeated to give (-)-4-[2-[(2S)-2-[[(2/ I ?)-2-[4-benzyloxy-3-(2- 
benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]-1,2,3.4-tetrahydronaphthalen-7 yloxy]acetyl]morpholine in an oily form. 

15 

IR (neat): 3403, 1655, 1649 cm' 1 
1 H-NMR (CDCI 3 ) 

iSppm: 1.40-1.80 (4H, m), 2.00-2.10 (1 H, m), 2.50-3.10 (9H, m), 3.40-3.75 (9H, m), 4.51 (2H, s), 4.55-4.65 (3H, m), 
5.06 (2H. s), 6.64 (1H, d, J=2.7Hz), 6.72 (1H, dd, J=8.4, 2.7Hz), 6.88 (1H, d, J=8.4Hz), 6.95-7.05 (1H, m), 7.15- 
20 7.45 (12H, m) 

Specific rotation: [u] D 30 = -46.9° (c=0.52, CHCI 3 ) 

Reference Example 10 

25 Ethyl 2-[(2S)-2-[[(2RS)-2-hydroxy-2-(4-hy 
yloxy]acetate 

Water (500 ml) and methylene chloride (1 ,000 ml) were added to 42.5 g of ethyl (S)-2-(2-amino-1 ,2,3,4-tetrahydro- 
naphthalen-7-yloxy)acetate hydrochloride, 19.0 g of sodium bicarbonate was added to the mixture with stirring under 

30 ice-cooling, and the mixture was stirred for 1 hour. The organic layer was separated and dried over anhydrous magne- 
sium sulfate and then the solvent was evaporated under reduced pressure. The resulting residue was dissolved in 370 
ml of /V./V-dimethylformamide, a solution of 21 .0 g of 2-bromo-1 -(2,2-dimethyibenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-1 -ethanone 
in 220 ml of N. /V-dimethylformamide was added to the solution with stirring at - 10 "C, and the mixture was subjected 
to 1 hour of reaction at 0 (> C. The reaction solution was cooled to -10 W C, 14.0 g of sodium borohydride and 180 ml of 

35 ethanol were added to the solution with stirring in that order, and the mixture was subjected to 1 hour of reaction at 0 
°C. The reaction mixture was poured into ice-water, and the mixture was extracted with ethyl acetate. The extract was 
washed with water and then dried over anhydrous magnesium sulfate, and the solvent was evaporated under reduced 
pressure. The resulting residue was dissolved in 350 ml of tetrahydrofuran, 22 g of triethanolamine was added to the 
solution, and the mixture was heated under reflux for 12 hours. After cooling, water was added to the reaction solution, 

40 and the mixture was extracted with ethyl acetate. The extract was washed with water and then dried over anhydrous 
magnesium sulfate. Thereafter, the solvent was evaporated under reduced pressure and the resulting residue was puri- 
fied by silica gel medium pressure liquid column chromatography (eluent: ethyl acetate/ethanol = 7/1 ) to give 12.7 g of 
amorphous ethyl 2-[(2S)-2-[[(2RS)-2-(2.2-dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2.3,4-tet- 
rahydronaphthalen-7-yloxy]acetate. 

45 

IR (KBr): 3304, 1758, 1737 cm* 1 
1 H-NMR(CDCI 3 ) 

o ppm: 1.30 (3H. t. J=7.1Hz). 1 .45-1 .70 (7H, m), 2.00-2.10 (1H, m), 2.50-3.10 (7H, m), 4.27 (2H. q, J=7.1Hz), 4.55- 
4.65 (3H. m). 4.84 (2H, s), 6.61 (1H, s), 6.69 (1H, dd. J=8.4. 2.6Hz), 6.79 (1H, d. J=8.4Hz), 6.99 (1H, d. J=8.4Hz). 
50 7.02 (1H, s). 7.13 (1H. d, J=8.4Hz) 

Ethyl 2-[(2S)-2-[[(2RS)-2-(2,2-dimethylbenzo[ 
naphthalen-7-y!oxy]acetate (11.5 g) was suspended in 75 ml of 1 ,2-dimethoxyethane, 252 ml of 1 N hydrochloric acid 
was added dropwise to the suspension while keeping the temperature at 20 °C or lower, and the resulting mixture was 
55 subjected to 30 minutes of reaction at room temperature. Then, 23.3 g of sodium bicarbonate was added with stirring 
at 0 °C, and the mixture was extracted with ethyl acetate. The extract was washed with an aqueous saturated sodium 
bicarbonate solution and brine and then dried over anhydrous magnesium sulfate. Thereafter, the solvent was evapo- 
rated under reduced pressure and the resulting residue was purified by silica gel medium pressure liquid column chro- 
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matography (eluent: ethyl acetate/ ethanol = 5/1) to give 7.2 g of amorphous ethyl 2-[(2S)-2-[[(2/=?S)-2-hydroxy-2-(4- 
hydroxy-3-hydroxymethylphenyl)ethyl]am 

IR (KBr): 3191, 1763, 1752, 1738 cm 1 
5 1 H-NMR (DMSO-d 6 ) 

iS ppm: 1.15-1.25 (3H, m), 1.35-1.55 (1H, m), 1.70 (1H, brs). 1.85-2.00 (1H, m), 2.35-2.50 (1H, m), 2.55-3.00 (6H, 
m), 4.10-4.20 (2H, m), 4.40-4.55 (3H, m), 4.65-4.70 (2H, m), 4,94 (1 H, br s), 5.08 (1 H, br s), 6.55-6.70 (2H. m), 6.69 
(1H, d, J=8.2Hz), 6.95 (1H, d, J=8.2Hz), 7.01 (1H, d. J=8.2Hz), 7.25-7.30 (1H, m), 9.17 (1H, br s) 

to Reference Example 1 1 

4-[(2S)-2-[[(2RS)-2-(2,2-Dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2.3,4-tetrahydronaphthalen-7- 
yloxy]-/V./V-dimethylbutyramide 

15 (S)-4-(2-Amino-1,2,3,4-tetrahydronaphthalen-7-yloxy)-A/.A/-dimethylbutyramide (263 mg) and 360 jil of triethyl- 

amine were dissolved in 5 ml of N. /V-dimethylformamide, a solution of 245 mg of 2-bromo-1 -(2,2-dimethylbenzo[1 ,2-d]- 
1 ,3-dioxan-6-yl)-1 -ethanone in 2 ml of N. /V-dimethylfoi mamide was added to the solution with stirring under ice-cooling, 
and the mixture was subjected to 25 minutes of reaction. With stirring under ice-cooling, 220 mg of sodium borohydride 
and 5 ml of ethanol were added to the reaction solution, and the mixture was stirred for 1 .5 hours. The reaction solution 

20 was poured into ice-water, and the mixture was extracted with ethyl acetate. The extract was washed with water and 
then dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure, a solution of 260 
mg of triethanolamine in 7 ml of tetrahydrofuran was added to the resulting residue, and the mixture was heated under 
reflux for 12 hours. Water was added to the reaction solution, and the mixture was extracted with ethyl acetate. The 
extract was washed with water and then dried over anhydrous magnesium sulfate. The solvent was evaporated under 

25 reduced pressure and the resulting residue was purified by silica gel medium pressure liquid column chromatography 
(eluent: ethyl acetate/ethanol = 6/1) to give 165 mg of amorphous 4-[(2S)-2-[[(2iF?S)-2-(2,2-dimethylbenzo-[l.2-d]-1.3- 
dioxan-6-yl)-2-hydroxyethyl]amino]-1.2,3,4-tetrahydronaphthalen-7-yloxy]-A/./V-dimethylbutyr 

IR (KBr): 3445, 1631 cm" 1 
30 1 H-NMR (CDCI 3 ) 

<S ppm: 1.53-1.70 (7H, m), 2.00-2.20 (3H, m), 2.45-3.10 (15H, m), 3.95-4.05 (2H. m), 4.60-4.65 (1H, m), 4.85 (2H, 
s), 6.60 (1H, s), 6.65-6.75 (1H, m). 6.80 (1H, d, J=8.4Hz), 6.98 (1H, d, J=8.4Hz), 7.03 (1H, s), 7 10-7 20 (1H, m) 



2-[(2S -2-[[(2RS-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1,2,3,4-tetrahydronaphthalen-7-yloxy]- 
/V,/V-dimethylacetamide (Compound 1) 

Ethyl 2-[(2S)-2-[[(2flS)-2-hydroxy-2-(4-hydroxy-3-hyd 
40 len-7-yloxy]acetate (2.00 g) was dissolved in a solution of 17.9 g of dimethylamine in 10 ml of tetrahydrofuran, and the 
solution was sealed in a tube and subjected to 36 hours of reaction at 65 °C. The reaction solution was concentrated 
under reduced pressure and the resulting residue was purified by aminopropylated silica gel medium pressure liquid 
column chromatography (eluent: chloroform/methanol = 10/1) to give 1.58 g of amorphous 2-[(2S)-2-[[(2RS)-2- 
hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1,2,3 l 4-tetrahydro naphthalen-7-yloxy]-A/,/V-dimethylaceta- 

45 mide (Compound 1). 

IR (KBr): 3395, 1652 cm" 1 
1 H-NMR (CDCI3) 

6 ppm: 1.50-1.65 (1H, m), 1.95-2.10 (1H. m), 2.45-2.60 (1H, m), 2.65-2.85 (3H, m), 2.85-3.00 (6H, m), 3.05-3.10 
so (3H, m), 4.55-4.70 (3H, m), 4.75-4.85 (2H, m), 6.55-6.65 (1H, m), 6.65-6.75 (1H, m), 6.80-6.85 (1H, m), 6.90-7.05 

(2H, m), 7.10-7.20 (1H, m) 



Example 1 



35 



Example 2 



55 



The following compounds were obtained in the same manner as that described in Example 1 
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2-[(2S)-2-[[(2RS)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]am 
yloxyjacetamide (Compound 2) 

Amorphous 
5 IR (KBr): 3410, 1666 cm' 1 

'H-NMR (DMSO-d 6 ) 

oppm: 1.40-1.75 (2H, m), 1.85-2.00 (1H, m), 2.40-3.00 (7H, m), 4.30-4.35 (2H, m), 4.40-4.55 (3H, m), 4.93 (1H, br 
s), 5.08 (1H. br s). 6.60-6.75 (3H, m), 6.90-7.05 (2H, m), 7.25-7.30 (1H, m), 7.35 (1H, br s), 7.44 (1H, br s), 9.15 
(1H,br s) 

w 

4-[2-[(2S)-2-[[(2HS)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]- 
yloxy]acetyl]morpholine (Compound 3) 

Amorphous 
is IR (KBr): 3400. 1645 cm 1 

1 H-NMR(DMSO-d 6 ) 

iSppm: 1.35-1.80 (2H, m), 1.85-2.00 (1H. m), 2.35-2.95 (7H, m), 3.35-3.65 (8H, m), 4.40-4.55 (3H, m), 4.70-4.75 
(2H. m), 4.89 (1H, br s), 5.03 (1H, br). 6.55-6.75 (3H. m). 6.90-7.05 (2H. m), 7.25-7.30 (1H, m), 9.13 (1H. br s) 

20 1-[2-[(2S)-2-[[(2RS)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1.2.3.4-tetrahydm 
yloxy]acetyl]piperidine (Compound 4) 

Amorphous 

IR (KBr): 3381. 1635 cm 1 
25 1 H-NMR(CDCI 3 ) 

o ppm: 1 .35-1 .80 (7H, m), 1 .95-2. 10 (1 H, m). 2.40-3. 10 (7H. m). 3.40-3.65 (4H, m), 4.55-4.65 (3H. m), 4.85 (2H, s). 
6.60-6.75 (2H, m). 6.80-6.90 (1H, m). 6.97 (1H. d. J=8.3Hz). 7.06 (1H. d, J=2.1Hz), 7.17 (1H. d. J=8.1Hz) 

1-[2-[(2S)-2-[[(2tfS)-2-Hydroxy-2-(4-h^ 
30 yloxy]acetyl]pyrrolidine (Compound 5) 

Amorphous 

IR (KBr): 3374. 3304, 1645 cm" 1 
1 H-NMR (CDCI 3 ) 

35 iSppm: 1.50-1.65 (1H, m), 1 .80-2.10 (5H. m). 2.40-2.55 (1H. m). 2.65-3.00 (6H. m), 3.52 (4H. t. J=6.9Hz), 4.50-4.65 

(3H, m), 4.75-4.85 (2H. m), 6.55-6.75 (2H, m), 6.80-6.85 (1H, m), 6.95-7.05 (2H, m). 7.10-7.15 (1H, m) 

Example 3 

40 (-)-2-[(2S)-2-[[(2tf)-2-Hydroxy-2-(4-^ 

yloxy]-/V,A/-dimethylacetamide (Compound 6) 

(-)-2-[(2S)-2-[[(2R)-2-(2.2-Dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-hydroxyethyl]amino]-1 ,2.3, 4-tetrahydronaphtha- 
len-7-yloxy]-/V./V-dimethylacetamide (192 mg) was dissolved in 3.8 ml of 1 ,2-dimethoxyethane. 4.2 ml of 1 N hydrochlo- 

45 ric acid was added to the solution with stirring under ice-cooling, and the mixture was subjected to 2 hours of reaction 
at room temperature. The reaction solution was neutralized by adding an aqueous saturated sodium bicarbonate solu- 
tion and then concentrated to dryness under reduced pressure. Tetrahydrofuran and ethanol were added to the result- 
ing residue and insoluble materials were removed by filtration. The resulting filtrate was concentrated under reduced 
pressure, and the resulting residue was purified by aminopropylated silica gel medium pressure liquid column chroma- 

50 tography (eluent: ethyl acetate/ethanol = 5/1) and then recrystallized from methanol to give 142 mg of (-)-2-[(2S)-2- 
[[(2R)-2-hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1.2.3.4-tetrahydro naphthalen-7-yloxy]-/V./V- 
dimethylacetamide (Compound 6) having a melting point of 1 75 to 1 76 "C. 

IR (KBr): 3363. 1648 cm' 1 
55 1 H-NMR (DMSO-d 6 ) 

cS ppm: 1.40-1.50 (1H. m). 1.65 (1H, br s), 1.85-1.95 (1H, m). 2.43 (1H. dd, J=15.8. 8.4Hz). 2.55-3.00 (12H, m), 
4.40-4.55 (3H. m), 4.70 (2H, s). 4.95 (1H, br). 5.05-5.15 (1H, m). 6.55-6.70 (3H, m). 6.93 (1H. d, J=8.3Hz). 700 
(1H. dd, J=8.2, 2.0Hz), 7.27 (1H. d, J=2.0Hz). 9.20 (1H. br) 



23 

BNSOOCID: <EP 0882704A1 I > 



ft 



EP 0 882 704 A1 



Specific rotation: [a]o = -80.0° (c=1.03, AcOH) 



Example 4 

5 (-)-i-[2-[(2S)-2-[[(2tf)-2-Hydio^^ 

yloxy]acetyl]pyrrolidine (Compound 7) 

Using (-)-1-[2-[(2S)-2-[[(2f?)-2-(2,2-dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2,3,4-tetrahy- 
dronaphthalen-7-yloxy]acetyl]pyrrolidine obtained in Reference Example 5, the procedure of Example 3 was repeated 
io to give -[2-[(2S)-2-[[(2ff)-2-hydroxy-2-(4-hy^ 

len-7-yloxy]acetyl]pyrrolidine (Compound 7) having a melting point of 192 to 195 °C (recrystallization solvent: metha- 
nol). 

IR (KBr): 3327, 1646 cm 1 
75 1 H-NMR (DMSO-d 6 ) 

i> ppm: 1.40-2.00 (7H, m), 2.43 (1H, dd, J=16.1, 8.7Hz), 2.55-3.00 (6H, m), 3.31 (2H, t, J=6.8Hz), 3.45 (2H, t, 
J=6.8Hz), 4.40-4.55 (3H, m), 4.62 (2H, s), 4.93 (1 H, br s), 5.08 (1 H, d, J=3.7Hz), 6.55-6.75 (3H, m), 6.93 (1 H. d, 
J=8.3Hz), 7.00 (1H, dd, J=8.2, 2.0Hz), 7.27 (1H, d, J=2.0Hz), 9.17 (1H, br s) 
Specific rotation: [«] D 25 = -71 .3° (c=1 .12. AcOH) 

20 

(-)-1-[2-[(2S)-2-[[(2S)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino 
yloxy]acetyl]pyrrolidine (Compound 8) 

Using (-)-1 -[2-[(2S)-2-[[(2S)-2-(2,2-dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2,3,4-tetrahy- 
25 dronaphthalen-7-yloxy]acetyl]pyrrolidine obtained in Reference Example 6, the procedure of Example 3 was repeated 
to give amorphous (-)-1 -[2-[(2S)-2-[[(2S)-2-hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1 ,2,3,4-tetrahy- 
dronaphthalen-7-yloxy]acetyl]pyrrolidine (Compound 8). 

IR (KBr): 3297. 1645 cm 1 
30 1 H-NMR (DMSO-d 6 + D 2 0) 

6 ppm: 1 .40-1 .50 (1 H, m), 1 .70-2.00 (5H, m), 2.41 (1 H, dd, J=1 5.6, 8.4Hz), 2.55-2.95 (6H, m), 3.28 (2H, t, J=6.8Hz), 
3.41 (2H, t, J=6.8Hz), 4.45 (2H, s), 4.51 (1H. dd, J=8.4, 4.1Hz), 4.59 (2H, s). 6.58 (1H, d, J=2.6Hz), 6.63 (1H, dd, 
J=8.4, 2.6Hz), 6.69 (1H, d. J=8.2Hz), 6.93 (1H, d. J=8.4Hz), 7.01 (1H, dd, J=8.2, 2.0Hz). 7.25 (1H, d, J=2.0Hz) 
Specific rotation: [u] D 25 = -45.8° (c=1.00, AcOH) 

35 

(-)-2-[(2S)-2-[[(2S)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1,2.3,4-tetrahydron^^ 
yloxy]-/V.A/-dimethylacetamide (Compound 9) 

Using (-)-2-[(2S)-2<[[(2S)-2-(2,2-dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2,3.4-tetrahydro- 
40 naphthalen-7-yloxy]-A/.Ay-dimethylacetamide obtained in Reference Example 6, the procedure of Example 3 was 
repeated to give amorphous (-)-2-[(2S)-2-[[(2S)-2-hydroxy-2>(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1 ,2,3,4- 
tetrahydronaphthalen-7-yloxy]-/V./V -dimethylacetamide (Compound 9). 

IR (film): 3297, 1650 cm' 1 
45 1 H-NMR(CDCI 3 ) 

ft ppm: 1.50-1.65 (1H, m), 1.95-2.05 (1H, m), 2.46 (1H, dd, J=15.6, 8.7Hz), 2.65-3.00 (9H, m), 3.07 (3H, s), 4.52 
(1H, dd, J=8.8, 3.6Hz), 4.62 (2H, s), 4 71 (2H, s), 6.58 (1H. d, J=2.6Hz), 6.69 (1H, dd, J=8.4, 2.6Hz), 6.78 (1H. d, 
J=8.3Hz), 6.90-7.00 (2H. m), 7.07 (1H, dd, J=8.3, 1.9Hz) 
Specific rotation: [a] D 25 = -25.6° (c=1.06, MeOH) 

50 

4-[(2S)-2-[[(2RS)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1.2,^ 
/V./V-dimethylbutyramide (Compound 10) 

Using 4-t2-[(2S)-2-[[(2/=?S)-2-(2,2-dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2.3.4-tetrahydro- 
55 naphthalen-7-yloxy]-/V.A/-dimethylbutyramide obtained in Reference Example 11. the procedure of Example 3 was 
repeated to give amorphous 4-[(2S)-2-[[(2RS)-2-hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1 ,2,3.4- 
tetrahydronaphthalen- 7-yloxy]-/V./V -dimethylbutyramide (Compound 10). 
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IR (KBr):3438, 1623 cm" 1 
1 H-NMR (DMSO-d 6 ) 

oppm: 1.40-1.55 (1H, m), 1.85-2.00 (3H, m). 2.40-3.00 (16H, m). 3.85-3.95 (2H. m), 4.45-4.55 (3H. m), 4.90-5.00 
(1H, m), 5.05-5.20 (1H. m), 6.60-6.75 (3H, m). 6.93 (1H, d, J=8.5Hz). 7.01 (1H, d, J=6.8Hz), 7.25-7.30 (1H, m), 
5 9.17 (1H, brs) 

(-)-4-[2-[[(2S)-2-[[(2R)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1,2 
yloxy]acetyl]morpholine (Compound 11) 

w Using (-)-4-[2-[(2S)-2-[[(2R)-2-(2,2-dimethylbenzo[1 ,2-d]-1 ,3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2,3,4-tetrahy- 

dronaphthalen-7-yloxy]acetyl]morphoiine obtained in Reference Example 5, the procedure of Example 3 was repeated 
to give amorphous (-)-4-[2-[(2S)-2-[[(2R)-2-hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1 ,2,3.4-tetrahy- 
dronaphthalen-7-yloxy]acetyl]morpholine (Compound 11). 

is IR (KBr): 3400. 1647 cm 1 

1 H-NMR (DMSO-d 6 ) 

oppm: 1.35-1.75 (2H, m). 1 .85-1 .95 (1 H, m), 2.30-3.00 (7H, m), 3.40-3.65 (8H, m) , 4.40-4.55 (3H, m), 4.73 (2H, 
s), 4.90-5.00 (1 H, m). 5.08 (1 H, d, J=3.9Hz), 6.60-6.75 (3H, m), 6.94 (1 H, d. J=8.2Hz), 7.00 (1 H, dd, J=8.2, 1 .8Hz), 
7.27 (1H, d, J=1.8Hz), 9.18 (1H, br s) 
20 Specific rotation: [a] D 25 = -53.2° (c=0.53. MeOH) 

(-)-1-[2-[(2S)-2-[[(2tf)-2-Hydroxy-2-(4-hydro^ 
yloxy]acetyl]piperidine (Compound 12) 

25 Using (-)-1 -[2-[(2S)-2-[[(2R)-2-(2,2-dimethylbenzo-[1 ,2-d]-1 .3-dioxan-6-yl)-2-hydroxyethyl]amino]-1 ,2,3,4-tetrahy- 

dronaphthalen-7-yloxy]acetyl]piperidine obtained in Reference Example 5, the procedure of Example 3 was repeated 
to give (-)-1-[2-[(2S)-2-[[(2/ : ?)-2-hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1 ,2,3,4-tetrahydronaphtha- 
len-7-yloxy]acetyl]piperidine (Compound 12) having a melting point of 167 to 170 °C (not recrystallized). 

30 IR (KBr): 3346, 1645 cm' 1 

1 H-NMR (DMSO-d 6 ) 

o ppm: 1.35-1.80 (8H, m), 1.85-1.95 (1 H, m), 2.35-2.95 (7H, m), 3.30-3.45 (4H, m), 4.40-4.55 (3H, m), 4.68 (2H, s), 
4.93 (1 H, br), 5.07 (1 H. br s), 6.62 (1 H, d, J=2.4Hz), 6.64 (1 H, dd, J=8.2, 2.7Hz), 6.69 (1 H, d. J=8.2Hz), 6.94 (1 H, 
d, J=8.3Hz), 7.00 (1H, dd, J=8.2, 2.2Hz), 7.27 (1H, d, J=2.0Hz), 9.17 (1H, br) 
35 Specific rotation: [u] D 25 = -60.3° (c=0.50, MeOH) 

Example 5 

(-)-2-[(2S)-2-[[(2tf)-2-Hydroxy-2-[4^^ 
40 yloxy]-A/.A/-dimethylacetamide (Compound 13) 

(-)-2-[(2S)-2-[[(2R)-2-[4-Benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]-1, 2,3,4-tetrahydronaphtha- 
len-7-yloxy]-A/./V-dimethylacetamide (390 mg) obtained in Reference Example 8 and 30 mg of 10 % palladium-carbon 
were suspended in 3 ml of acetic acid and the mixture was stirred at room temperature for 16 hours in an atmosphere 
45 of hydrogen. The catalyst was removed by filtration, the filtrate was concentrated under reduced pressure, and the 
resulting residue was purified by aminopropylated silica gel medium pressure liquid column chromatography (eluent; 
ethyl acetate/ethanol = 5/1) to give 235 mg of amorphous (-)-2-[(2S)-2-[[(2R)-2-hydroxy-2-[4-hydroxy-3-(2-hydroxye- 
thyl)phenyl]ethyl]amino]-1,2,3,4-tetrahydronaphthalen-7-yloxy]-A/.A/-dimethylacetamide (Compound 13). 

50 IR (KBr): 3310, 1654 cm* 1 

1 H-NMR(CDCI 3 ) 

oppm: 1.50-1.65 (1H, m), 1.95-2.10 (1H, m), 2.52 (1H, dd. J=17.5, 9.8Hz). 2.65-3.05 (11H, m), 3.09 (3H, s), 3.90- 
4.00 (2H. m), 4.61 (1H, dd, J=8.8, 3.8Hz), 4.64 (2H, s), 6.62 (1H, d, J=2.7Hz), 6.71 (1H. dd, J=8.4, 2.7Hz). 6.87 
(1H, d, J=8.2Hz), 6.98 (1H, d, J=8.4Hz), 7.05-7.15 (2H, m) 
55 Specific rotation: [u] D 25 = -59.6° (c=1 .10, MeOH) 
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Example 6 



(-)-2-[(2S)-2-[[(2S)-2-Hydroxy-2-[4-hydroxy-3-(2-hydroxyethyl)phenyl]ethyl]am 
yloxy]-/V,/V-dimethylacetamide (Compound 14) 

Using (-)-2-[(2S)-2-[[(2S)-2-[4-benzyloxy-3-^ 
naphthalen-7-yloxy]-A/,A/-dimethylacetamide obtained in Reference Example 9, the procedure of Example 5 was 
repeated to give amorphous (0-2-[(2S)-2-[[(2S)-2-hydroxy-2-[4-hydroxy-3-(2-hydroxyethyl)phenyl]ethyl]amino]-1,2,3,4- 
tetrahydronaphthalen-7-yloxy]-A/.A/-dimethylacetamide (Compound 14). 

IR (film): 3292, 1652 cm 1 
1 H~NMR(CDCI 3 ) 

<S ppm: 1.50-1.65 (1H, m), 1 .95-2.05 (1 H, m), 2.43 (1H, dd, J=15.7, 9.1Hz), 2.65-2.95 (8H, m), 2.96 (3H, s). 3.06 
(3H, s), 3.79 (2H, br s), 4.57 (1H, dd, J=8.8, 3.6Hz), 4.61 (2H, s), 6.57 (1 H, d, J=2.6Hz), 6.68 (1 H, dd, J=8.4, 2.6Hz), 
6.78 (1 H, d, J=8.0Hz), 6.95-7.05 (3H, m) 
Specific rotation: [u] D 31 = -28.7" (c=1.12, MeOH) 

2-[(2S)-2-[[(2RS)-2-Hydroxy-2-[4-hydroxy-3-(2-hydroxyethyl)phenyl]ethyl]amino]-1,2,3,4-tetrahydr^^ 
yloxy]-/V./V-dimethylacetamide (Compound 15) 

Using 2-[(2S)-2-[[(2RS)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]-1 ,2,3,4-tetrahydro- 
naphthalen-7-yloxy]-A/.A/-dimethylacetamide obtained in Reference Example 7, the procedure of Example 5 was 
repeated to give amorphous 2-[(2S)-2-[[(2RS)-2-hydroxy-2-[4-hydroxy-3-(2-hydroxyethyl)phenyl]ethyl]amino]-1 , 2,3,4- 
tetrahydronaphthalen-7-yloxy]-A/.A/-dimethylacetamide (Compound 15). 

IR (KBr) : 3416, 1649 cm' 1 
1 H-NMR (CDCI 3 ) 

iS ppm: 1 .55-1.70 (1 H, m), 2.00-2.10 (1H, m), 2.50-3.15 (18H, m), 3.50 (1 H, br s), 3.96 (2H, t, J=5.3Hz), 4.55-4.70 
(3H, m), 6.61 (1H, s), 6.71 (1H, dd, J=8.4, 2.5Hz), 6.87 (1H, d, J=8.1Hz), 6.98 (1H, d, J=8.4Hz), 7.05-7. 1 5 (2H, m) 

(-)-1-[2-[(2S)-2-[[(2R)-2-Hydroxy-2-[4-hydroxy-3-(2-hydroxyethyl)phenyl]ethyl]amino]-1,2,3,4-tetrahyd 
yloxy]acetyl]pyrrolidine (Compound 16) 

Using (-)-1 -[2-[(2S)-2-[[(2/=?)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]-1 ,2,3,4-tetrahydro- 
naphthalen-7-yloxy]acetyl]pyrrolidine obtained in Reference Example 9, the procedure of Example 5 was repeated to 
give amorphous (^-[2-[(2S)-2-[[(2R)-2-[4-hydroxy-3-(2^ 
dronaphthalen-7-yloxy]acetyl]pyrrolidine (Compound 16). 

IR (KBr): 3409, 1643 cm 1 
1 H-NMR (CDCt 3 ) 

ii ppm: 1.50-1.65 (1H, m), 1.80-2.05 (5H, m), 2.45-2.60 (1H, m), 2.65-3.05 (8H, m), 3.45-3.55 (4H, m), 3.90-4.00 
(2H, m), 4.55-4.65 (3H, m), 6.62 (1H, d, J=2.6Hz), 6.71 (1H, dd, J=8.4, 2.6Hz), 6.87 (1H, d, J=8.1Hz), 6.98 (1H, d, 
J=8.4Hz), 7.05-7.15 (2H, m) 
Specific rotation: [u] D 25 = -54.7° (c=0.57, MeOH) 

(.)-1-[2-[(2S)-2-[[(2R)-2-Hydroxy-2-[4-hydroxy-3-(2-hydroxyethyl)phenyl]ethyl]amino]-1,2,3^ 
yloxy]acetyl]piperidine (Compound 17) 

Using (-)-1-[2-[(2S)-2-[[(2R)-2-[4-benzyloxy-3-(2-benzyloxyethyl)phenyl]-2-hydroxyethyl]amino]-1 ,2,3,4-tetrahydro- 
naphthalen-7-yloxy]acetyl]piperidine obtained in Reference Example 9. the procedure of Example 5 was repeated to 
give amorphous (-)-1 -[2-[(2S)-2-[[(2R)-2-hydroxy-2-[4-hydroxy-3-(2-hydroxyethyl)phenyl]ethyl]amino]-1 ,2,3,4-tetrahy- 
dronaphthalen-7-yloxy]acetyl]piperidine (Compound 17). This amorphous becomes a crystalline form having a melting 
point of 162 to 165 °C when recrystallized using tetrahydrofuran as a solvent. 

IR (KBr): 3388, 1640 cm' 1 
1 H-NMR(CDCI 3 ) 

<S ppm: 1.30-1.90 (9H, m), 2.00-2.10 (1H, m), 2.45-2.60 (1H, m), 2.65-3.10 (9H, m), 3.40-3.65 (4H, m), 3.98 (2H, 
dd, J=5.8, 4.8Hz), 4.55-4.65 (3H, m), 6.63 (1H, d, J=2.8Hz), 6.71 (1H, dd, J=8.5, 2.8Hz), 6.89 (1H, d, J=8.1Hz), 
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6.95-7.15 (3H, m) 

Specific rotation: [u] D 30 = -39.2° (c=0.50. CHCI 3 ) 

(-)-4-[2-[(2S)-2-[[(2R)-2-Hydroxy-2-[4-hydroxy-3-(2-hydroxyethyl)ph 
5 yloxy]acetyl]morpholine (Compound 18) 

Using (-)-4-[2-[(2S)-2-[[(2fl)-2-[4-b^^ 
naphthalen-7-ytoxy]acetyl]morpholine obtained in Reference Example 9, the procedure of Example 5 was repeated to 
give amorphous (-)-4-[2-[(2S)-2-[[(2/ : ?)-2-hydroxy-2[4-hydroxy-3-(2-hydroxyethyl)phenyl]ethyl]amino]-1 ,2,3,4-tetrahy- 
w dronaphthalen-7-yloxy]acetyl]morpholine (Compound 18). This amorphous becomes a crystalline form having a melt- 
ing point of 1 19 to 122 °C when recrystallized using acetone as a solvent. 

IR(KBr):3353, 1651 cm' 1 
1 H-NMR (CDCI 3 ) 

15 iSppm: 1.50-1.70 (2H, m), 2.00-2.10 (1H, m), 2.50-3.10 (10H, m), 3.50-3.75 (8H, m), 3.95-4.00 (2H, m), 4.55-4.70 

(3H, m). 6.63 (1H, d, J=2.8Hz), 6.71 (1H, dd, J=8.3, 2.8Hz), 6.89 (1H, d, J=8.2Hz), 6.95-7.15 (3H, m) 
Specific rotation: [a] D 29 = -60.8° (c=0.50, CHCI 3 ) 

Example 7 

20 

(-)-2-[(2S)-2-[[(2tf)-2-Hydroxy-2-(4-hydroxy-3-h^ 
yloxy]-/V.A/-dimethylacetamide 0.5 sulfate (Compound 19) 

(-)-2-[(2S)-2-[[(2R)-2-Hydroxy-2-(4-h^ 
25 yloxy]-A/. A/-dimethylacetamide (Compound 6) (600 mg) was suspended in 70 ml of ethanol, 1 .45 ml of 1 N aqueous sul- 
furic acid solution was added to the suspension, and the mixture was heated to dissolve the compound. After cooling, 
the precipitated crystals were collected by filtration to give 649 mg of (-)-2[(2S)-2-[[(2tf)-2-hydroxy-2-(4-hydroxy-3- 
hydroxymethylphenyl)ethyl]amino]-1,2,3 l 4-tetrahydronaphthalen-7- yloxy]-/V,/V-dimethylacetamide 0.5 sulfate (Com- 
pound 19) having a melting point of 195 to 199 °C. 

30 

IR(KBr):3420, 1640 cm" 1 
1 H-NMR (DMSO-d 6 ) 

0 ppm: 1.55-1.70 (1H, m), 2.00-2.15 (1H, m), 2.55-3.25 (13H, m), 4.48 (2H, s), 4.65-4.80 (3H, m), 5.00 (1H, br), 
6.63 (1H, d, J=2.6Hz), 6.67 (1H, dd, J=8.4, 2.6Hz), 6.73 (1H, d, J=8.2Hz), 6.96 (1H, d, J=6.4Hz), 7.06 (1H, dd, 

35 J=8.2, 2.0Hz), 7.33 (1 H, d. J=2.0Hz). 9.30 (1 H, br) 

Specific rotation: [u] D 28 = -69.8° (c=0.52, H 2 0) 

Example 8 

40 Using (-)-2-[(2S)-2-[[(2tf)-2-hydroxy-2-(4-h^^ 

len-7-yloxy]-A/.A/-dimethylacetamide (Compound 6) and L-tartaric acid or D-tartaric acid, the following salts were 
obtained in the same manner as that described in Example 7. 

(-)-2-[(2S; -2-[[(2R)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1.2.3.4-tetrahydronaphthalen 
45 yloxy]-/V,/V-dimethylacetamide 0.5 L-tartrate (Compound 20) 

Melting point: 109-1 15 "C (recrystallization solvent: ethanol) 
IR (KBr): 3350, 1646, 1614 cm' 1 

1 H-NMR (DMSO-d 6 ) 

50 <> ppm: 1.55-1.70 (1H. m). 2.00-2.15 (1H, m), 2.60-3.25 (13H, m), 3.85 (1H, s). 4.48 (2H, s), 4.65-4.80 (3H, m), 6.64 

(1H. d, J=2.6Hz), 6.67 (1H, dd, J=8.4, 2.6Hz), 6.73 (1H, d, J=8.2Hz), 6.96 (1H, d, J=8.4Hz), 7.06 (1H, dd, J=8.2, 
2.0Hz), 7.33(1 H,d.J=2.0Hz) 
Specific rotation: [u] D 28 = -56.4° (c=0.50, H 2 0) 

55 (-)-2-[(2S)-2-[[(2^)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amino]-1,2,3,4-tetrah 
yloxy]-A/.A/-dimethylacetamide 0.5 D-tartrate (Compound 21) 

Melting point: 123-124 °C (recrystallization solvent: ethanol) 
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IR (KBr): 3400, 1645, 1613 cm 1 
1 H-NMR (DMSO-d 6 ) 

<S ppm: 1 .55-1 .70 (1H, m), 2.00-2.15 (1H, m), 2.60-3.25 (13H, m), 3.84 (1 H. S), 4.48 (2H, s), 4.65-4.80 (3H, m), 6.64 
(1H, d, J=2.6Hz), 6.67 (1H, dd, J=8.4, 2.6Hz), 6.73 (1H, d, J=8.2Hz), 6.96 (1H, d, J=8.4Hz), 7.06 (1H, dd. J=8.2, 
5 2.0Hz), 7.33 (1H, d, J=2.0Hz) 

Specific rotation: [a] D 28 = -68.5° (c=0.52, H 2 0) 

Using (-)-l-[2-[(2S)-2-[[(2fl)-2-hydrox 
thalen-7-yloxy]acetyl]pyrrolidine (Compound 7) and sulfuric acid, L-tartaric acid or D-tartaric acid, the following salts 
io were obtained in the same manner as that described in Example 7. 

(-)-1-[2-[(2S)-2-[[(2fl)-2-Hydroxy-2-(4-hy^ 
yloxy]acetyl]pynolidine 0.5 sulfate (Compound 22) 

15 Melting point: 169-172 °C (recrystallization solvent: ethanol) 

IR (KBr): 3400, 1640 cm' 1 
1 H-NMR (DMSO-d 6 ) 

iSppm: 1.55-1.95 (5H, m), 2.00-2.15 (1H, m), 2.55-3.50 (11H, m), 4.48 (2H, s), 4.63 (2H, s), 4.72 (1H, dd, J=9.6. 
3.1Hz), 4.99 (1H, br), 6.64 (1H, d. J=2.6Hz), 6.68 (1H, dd, J=8.4, 2.6Hz), 6.73 (1H, d, J=8.2Hz), 6.96 (1H, d. 
20 J=8.4Hz), 7.06 (1H, dd, J=8.2, 2.0Hz), 7.33 (1H, d, J=2.0Hz), 9.31 (1H, br) 

Specific rotation: [a] D 28 = -67.7° (c=0.52, H 2 0) 

(-)-1-[2-[(2S;-2-[[(2f?)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyl]amin^^ 
yloxy]acetyl]pyrrolidine 0.5 L-tartrate (Compound 23) 

25 

Melting point: 130-134 °C (recrystallization solvent: ethanol) 
IR (KBr): 3400, 1635, 1614 cm' 1 
1 H-NMR (DMSO-d 6 ) 

6 ppm: 1 .55-1.95 (5H, m), 2.00-2.15 (1 H, m), 2.55-3.25 (7H, m), 3.30 (2H, t, J=6.9Hz), 3.40-3.50 (2H, m), 3.86 (1H. 
30 s), 4.48 (2H, s), 4.63 (2H, s), 4.65-4.75 (1H, m), 6.64 (1H, d, J=2.5Hz), 6.68 (1H, dd. J=8.4, 2.5Hz), 6.73 (1H, d, 

J=8.2Hz), 6.97 (1H, d, J=8.4Hz). 7.06 (1H, dd, J=8.2, 2.0Hz), 7.33 (1H, d, J=2.0Hz) 
Specific rotation: [a] D 28 = -53.4" (c=0.55, H 2 0) 

(-)-1-[2-[(2S)-2-[[(2fl)-2-Hydroxy-2-(4-hydroxy-3-hydroxymethylphenyl)ethyq 
35 yioxy]acetyl]pyrrolidine 0.5 D-tartrate (Compound 24) 

Melting point: 130-134 °C (recrystallization solvent: ethanol) 
IR (KBr): 3400, 1635, 1614 cm' 1 
1 H-NMR (DMSO-d 6 ) 

40 <S ppm: 1.55-1.95 (5H, m), 2.00-2.20 (1H, m), 2.55-3.25 (7H, m) 3.30 (2H, t, J=6.8Hz), 3.44 (2H, t, J=6.8Hz), 3.85 

(1H, s), 4.48 (2H, s), 4.63 (2H, s), 4.70 (1H, dd, J=9.2, 2.8Hz), 6.64 (1H, d, J=2.6Hz), 6.68 (1H, dd, J=8.3, 2.6Hz), 
6.73 (1H, d, J=8.2Hz), 6.97 (1H, d. J=8.3Hz), 7.06 (1H, dd, J=8.2, 2.0Hz), 7.33 (1H, d, J=2.0Hz) 
Specific rotation: [a] D 28 = -66.2° (c=0.53. H 2 Q) 



45 Example 9 

Using (-)-2-[(2S)-2-[[(2fl)-2-hydroxy-2-[4-hydroxy-3-(2-hydroxyethyl)phenyl]ethyl]amin 
thalen-7-yloxy]-/\/.A/-dimethylacetamide (Compound 13) and sulfuric acid, the following salt was obtained in the same 
manner as that described in Example 7. 

50 

(-)-2-[(2S)-2-[[(2ft)-2-Hydroxy-2-[4-hydro 
yloxy]-A/.A/-dimethylacetamide 0.5 sulfate (Compound 25) 

Melting point: 211-215 °C (decomposition) (recrystallization solvent: water) 
55 IR (KBr): 3418, 1636 cm' 1 

1 H-NMR (DMSO-d 6 ) 

<> ppm: 1.55-1.75 (1H, m), 2.05-2.15 (1H, m), 2.60-3.25 (15H, m), 3.56 (2H, t, J=7.3Hz), 4.60-4.80 (3H, m), 6.62 
(1H, d, J=2.6Hz), 6.67 (1H. dd. J=8.4, 2.6Hz), 6.75 (1H, d. J=8.2Hz), 6.96 (1H, d, J=8.4Hz), 7.03 (1H, dd. J=8.2. 
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2.1Hz), 7.09 (1H, d, J=2.1Hz), 9.25 (1H, br) 
Specific rotation: [u] D 25 = -70.8° (c=1.0, H 2 0) 

Using (-)-4-[2-[(2S)-2-[[(2fi)-2-hydroxy-2-(4-hydro^ 
5 naphthalen-7-yloxy]acetyl]morpholine (Compound 18) and sulfuric acid, the following salt was obtained in the same 
manner as that described in Example 7. 

H-4-[2-[(2S)-2-[[(2R)-2-Hydrox^ 
yloxy]acetyl]morpholine 0.5 sulfate (Compound 26) 

10 

Melting point: 129-134 °C (decomposition) (recrystallization solvent: isopropanol-ethanol) 
IR(KBr): 3394, 1648 cm' 1 
1 H-NMR (DMSO-d 6 ) 

oppm: 1.50-1.75 (1H, m), 2.00-2.15 (1H, m), 2.40-3.90 (19H, m), 4.60-4.85 (3H, m), 6.60-6.80 (3H, m), 6.97 (1H, 
is d, J=7.9Hz), 7.03 (1H, dd, J=8.4, 2.0Hz), 7.08 (1H, d, J=1.5Hz), 9.25 (1H, br) 

Specific rotation: [«] D 25 = -58.3° (c=0.60, MeOH) 

Test Example 1 

20 Action of drugs on the spontaneous contractions of isolated myometria 

The uterus of a pregnant SD rat (pregnancy day 21) was isolated and longitudinal uterine muscle strips (about 15 
mm in length and about 5 mm in width) free from the basal plate were prepared. The experiment was conducted accord- 
ing to the Magnus method. The preparations were mounted with a tension of 1 g in Locke- Ringer solution maintained 
25 at 37 °C and gassed with a mixture of 95 % of oxygen and 5 % of carbon dioxide. Spontaneous contractions of the myo- 
metrium were induced isometrically via a pressure transducer and recorded on a rectigram. The efficacy was evaluated 
by comparing the total degree of uterine contraction during 5 minutes before the addition of the drug with the total 
degree of uterine contraction during 5 minutes after the addition of the drug and calculating the 50 % inhibitory concen- 
tration as EC50. 

30 

Test Example 2 

Action of drugs on the atrial contractions of isolated atria 

35 The atria of SD male rats (350 to 400 g in body weight) were isolated and the experiment was conducted according 

to the Magnus method. The preparations were mounted with a tension of 1 g in Krebs-Henseleit solution maintained at 
37 °C and gassed with a mixture of 95 % of oxygen and 5 % of carbon dioxide. The atrial contraction was induced iso- 
metrically via a pressure transducer and recorded on a rectigram. After addition of the drug, its efficacy was evaluated 
by calculating EC 2 o value which is the drug concentration which increases 20 beats per minute of heart rate. 

40 

Test Example 3 
Acute Toxicity 

45 To 5 male ICR mice of 4 weeks age was administered intravenously 2-[(2S)-2-[[(2tf)-2-hydroxy-2-(4-hydroxy-3- 

hydroxymethylphenyl)ethyl]amino]-1.2,3,4-tetrahydronaphthalen-7-yloxy]-A/.A/-dimethylacetamide 0.5 sulfate in saline 
at a dose of 20 mg/kg. No death of animals was observed during 24 hours after the administration. 

Claims 

50 

1 . A 3,4-disubstituted phenylethanolaminotetralincarboxamide derivative represented by the general formula: 
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OH 



wherein A represents a lower alkylene group; B represents an amino group, a di(!ower alkyl)amino group or 
a 3 to 7-membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; 
the carbon atom marked with ' represents a carbon atom in R configuration, S configuration or a mixture thereof; 
and the carbon atom marked with (S) represents a carbon atom in S configuration; and a pharmaceutical^ accept- 
able salt thereof. 

2. A 3,4-disubstituted phenylethanolaminotetralincarboxamide derivative as claimed in claim 1, represented by the 
general formula: 




wherein A represents a lower alkylene group; B represents an amino group, a di(lower alkyl)amino group or 
a 3 to 7-membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; 
the carbon atom marked with (R) represents a carbon atom in R configuration; and the carbon atom marked with 
(S) represents a carbon atom in S configuration; and a pharmaceutical^ acceptable salt thereof. 

3. The 3,4-disubstituted phenylethanolaminotetralincarboxamide derivative as claimed in claim 2 , represented by the 
formula: 




^CON(CHa) 2 



wherein the carbon atom marked with (R) represents a carbon atom in R configuration; and the carbon atom 
marked with (S) represents a carbon atom in S configuration; and a pharmaceutical^ acceptable salt thereof. 

4. A pharmaceutical composition which comprises a 3,4-disubstituted phenylethanolaminotetralincarboxamide deriv- 
ative represented by the general formula: 
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wherein A represents a lower alkylene group; B represents an amino group, a di(lower alkyl)amino group or 
a 3 to 7-membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; 
the carbon atom marked with ' represents a carbon atom in R configuration, S configuration or a mixture thereof; 
and the carbon atom marked with (S) represents a carbon atom in S configuration or a pharmaceutical^ accepta- 
5 ble salt thereof. 

5. A pharmaceutical composition as claimed in claim 4, which comprises a 3.4-disubstituted phenylethanolaminote- 
tralincarboxamide derivative represented by the general formula: 



w 



15 




wherein A represents a lower alkylene group; B represents an amino group, a di (lower alkyl)amino group or 
20 a 3 to 7-membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; 

the carbon atom marked with (R) represents a carbon atom in R configuration; and the carbon atom marked with 
(S) represents a carbon atom in S configuration; or a pharmaceutical^ acceptable salt thereof. 

6. A pharmaceutical composition as claimed in claim 5, the 3,4-disubstituted phenylethanoiaminotetralincarboxamide 
25 derivative represented by the formula: 



30 




CON(CH 3 ) 2 



35 

wherein the carbon atom marked with (R) represents a carbon atom in R configuration; and the carbon atom 
marked with (S) represents a carbon atom in S configuration; or a pharmaceutical^ acceptable salt thereof. 

7. An agent for the prevention of threatened abortion and premature labor, a bronchodilator and an agent for pain 
40 remission and stone removal in urolithiasis containing, as an active ingredient, a 3,4-disubstituted phenyleth- 

anolaminotetralincarboxamide derivative represented by the general formula: 



45 




wherein A represents a lower alkylene group; B represents an amino group, a di(lower alkyl)amino group or 
a 3 to 7-membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; 
the carbon atom marked with * represents a carbon atom in R configuration, S configuration or a mixture thereof; 
55 and the carbon atom marked with (S) represents a carbon atom in S configuration; or a pharmaceutical^ accept- 

able salt thereof. 

8. An agent for the prevention of threatened abortion and premature labor, a bronchodilator and an agent for pain 
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remission and stone removal in urolithiasis as claimed in claim 7, containing, as an active ingredient, a 3,4-disub- 
stituted phenylethanolaminotetralincarboxamide derivative represented by the general formula: 




wherein A represents a lower alkylene group; B represents an amino group, a di(lower alkyl)amino group or 
a 3 to 7-membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; 
the carbon atom marked with (R) represents a carbon atom in R configuration; and the carbon atom marked with 
(S) represents a carbon atom in S configuration ; or a pharmaceutical^ acceptable salt-thereof. 

9. An agent for the prevention of threatened abortion and premature labor, a bronchodilator and an agent for pain 
remission and stone removal in urolithiasis as claimed in claim 8, containing, as an active ingredient, the 3,4-dis- 
ubstituted phenylethanolaminotetralincarboxamide derivative represented by the formula: 




^CON(CH 3 ) 2 



wherein the carbon atom marked with (R) represents a carbon atom in R configuration; and the carbon atom 
marked with (S) represents a carbon atom in S configuration; or a pharmaceutical^ acceptable salt thereof. 

10. A method for the prevention of threatened abortion and premature labor, the prevention and treatment of diseases 
associated with bronchostenosis and airway obstruction, and pain remission and stone removal in urolithiasis 
which comprises administering a 3,4-disubstituted phenylethanolaminotetralincarboxamide derivative represented 
by the general formula: 




wherein A represents a lower alkylene group; B represents an amino group, a di(lower alkyl)amino group or 
a 3 to 7-membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; 
the carbon atom marked with * represents a carbon atom in R configuration, S configuration or a mixture thereof; 
and the carbon atom marked with (S) represents a carbon atom in S configuration; or a pharmaceutical^ accept- 
able salt thereof. 

1 1 . A use of a 3,4-disubstituted phenylethanolaminotetralincarboxamide derivative represented by the general formula: 



: <EP O882704A1J_> 
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io wherein A represents a lower alkylene group; B represents an amino group, a di(lower alkyl)amino group or 

a 3 to 7-membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; 
the carbon atom marked with ' represents a carbon atom in R configuration, S configuration or a mixture thereof; 
and the carbon atom marked with (S) represents a carbon atom in S configuration; or a pharmaceutical^ accept- 
able salt thereof for the manufacture of a pharmaceutical composition for the prevention of threatened abortion and 

75 premature labor, the prevention and treatment of diseases associated with bronchiostenosis and airway obstruc- 

tion, and pain remission and stone removal in urolithiasis. 

1 2. A use of a 3,4-disubstituted phenylethanolaminotetralincarboxamide derivative represented by the general formula: 

20 



25 




wherein A represents a lower alkylene group; B represents an amino group, a di(lower alkyl)amino group or 
30 a 3 to 7-membered alicyclic amino group which may contain an oxygen atom in the ring; n is an integer of 1 or 2; 

the carbon atom marked with * represents a carbon atom in R configuration, S configuration or a mixture thereof; 
and the carbon atom marked with (S) represents a carbon atom in S configuration; or a pharmaceutical^ accept- 
able salt thereof as an agent for the prevention of threatened abortion and premature labor, a bronchodilator and 
an agent for pain remission and stone removal in urolithiasis. 



40 



45 



50 



55 



BNSOOCID: <EP_0882704A1 _!_> 



33 



EP 0 882 704 A1 





INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP97/00424 _J 


A. CL-ASSIHCATION OF SUBJECT MATTER , , , * c /„>,«: 
Int. CI 6 C07C235/06, C07D295/18, A61K31/165, 31/445 


, 31/495, 


A^ina m In^rnM.ona^tcm Classification < IPO or to both national classif, cation and IPC 




R FT FT DS SEARCITED — 


Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 6 C07C235/06, C07D295/18, A61K31/165, 31/445 
31/535 


, 31/495, j 


Documentation searched other than minimum documentation to the extent that such documents are .ncluded ,o the fields searched 


Electrons data base consulted during the mtcrnauooal search (name of data base and, where practicable, search terms used) 1 

CAS ONLINE j 


C DOCUMENTS CONSIDERED TO BE RELEVANT 




Category* j 


Citation of document, with indication, where appropnate. of the relevant passages 


Relevant to claim No, 


A 


JP, 6-506955 , A (Fujisawa Pharmaceutical Co. , 
Ltd . ) , 

August 4, 1994 (04. 08. 94), 
Claim & WO, 93/15041, Al 


1-9, 11 


A 


JP, 6-506676, A (Fujisawa Pharmaceutical Co., 
Ltd . ) , 

July 28 , 1994 (28 . 07 . 94) , 
Claim & WO, 92/18461, Al 


1-9, 11 



| I Further documents are listed in the continuation of Box C. | | See patent family annex 



• Special categories of died documents: 

"A" document defining the general state of the an which is not considered 

to he of particular relevance 
**£•'* earlier document but published on or after the in tenia lional filing dale 
"L" document which may throw doubts on priority claimfs) or which is 

cited to esublish the publication date of another citauon or other 

special reason fas specified) 
"O" document referring to an oral disclosure, use. exhibition or other 

means 

T* document published prior to the international filing date but later than 
the priority dale claimed 



"Y" 



later document published after the international filing dateor pnonty 
date and not in conflict with ihe application but cited to understand 
the principle or theory underlying the invention 
document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an invenuvc 
step when the document is taken alone 

document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combmauoo 
being obvious to a person skilled in the an 



"St" document member of the same patent family 



Date of the actual completion of the international search 

April 14, 1997 (14. 04. 97) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Date of mailing of the international search report 

April 22, 1997 (22. 04. 97) 



Authorized officer 



Telephone No. 



Form PCT/lSA/210 (second sheet) (July 1°92) 



34 

8NSDOCID: <EP 0882704A1 _l_> 



